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ABSTRACT

The upper Honaker and lower Nolichucky Formations (Middle Cambrian,
Conasauga Group) in northeastern Tennessee comprise part of a thick pericratonic
Cambro-Ordovician passive margin sequence along the eastern edge of North America.
Throughout the Cambrian, the interplay of autocyclic controls, including sediment
supply, tectonism and accompanying subsidence, and eustasy, resulted in various
sedimentary architectures, including the Conasauga platform and intrashelf basin
adjacent to the craton. To date, the Middle Cambrian westerly carbonate sections
adjacent to and within the intrashelf basin (near Knoxville) have been studied in
considerable detail. Particularly, these studies have proposed a third-order sequence
boundary near Knoxville as well as a Middle Cambrian Conasauga platform
development model . Yet, the thick time-equivalent dolostones further on-platform
(near Johnson City) and their relationship to overlying units, as well as the deposits
further west, have only been examined in the broadest sense. These relationships are
the focus for this study.
Field and stratigraphic relationships and petrographic observations reveal four
depositional packages that comprise the upper Honaker and lower Nolichucky
Formations, in ascending order: 1) peritidal; 2) ooid shoal; 3) transitional; and 4)
basinal shale. The first three packages make up the upper Honaker and the fourth
package comprises the lower Nolichucky Formation. The progression of these
packages represents the same deepening trend that initiates a new phase of genetically-
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related rock units further to the west during the Middle Cambrian (Srinivasan, 1993;
Rankey, 1993). The change from peritidal facies to ooid shoal facies is the first
indication of the drowning event, and this allows the third-order sequence boundary to
be extended and placed between these shallow water facies. Hence, the extension of
the sequence boundary further to the east expands the Middle Cambrian Conasauga
platform development model.
The upper Honaker depositional setting consisted of subtidal thrombolite and
intertidal shoal facies that created a semi-closed lagoon with hypersaline conditions
further on-platform. In addition, rare evaporite molds and the abundance of
penecontemporaneous dolomite imply a semi-arid climate. As the deepening event
ensued and, consequently, shifted the carbonate environments towards the east,
restricted areas of the platform became open to fresh seawater. Salinity levels
decreased to a range more suitable for invertebrate organisms as a result of mixing
during the latter part of the Middle Cambrian, as suggested by the transitional
depositional package. The craton-derived basinal shale package of the lower
Nolichucky Formation in more easterly areas (Johnson City, Tennessee) suggests the
intrashelf basin filled, and allowed mature passive margin sedimentation to begin in the
Late Cambrian (Maynardville Formation). Furthermore, the Maryville-Nolichucky
(sequence boundary) contact in the west is slightly older than the upper Honaker
Nolichucky formational contact of this study, based on platform architecture (<1°
slope) and direction of flooding, even though the carbonate units are stratigraphically
equivalent to one another.

VII

Marine, meteoric, and/or burial diagenetic calcite and dolomite phases are
present in varying amounts within the upper Honaker and lower Nolichucky. Plane
light microscopy, cathodoluminescence, and stable isotope compositions constrained
the timing and origin of these diagenetic components. Both early and late phases of
dolomite are present in this study. Evidence for early dolomite is based on its
relationship to early marine components such as evaporites and fenestrae. Later
replacive and authigenic dolomite phases are inferred from cross-cutting relationships
and stable isotope compositions. These phases are a result of elevated temperatures
and burial diagenesis associated with the Taconic Orogeny during the Middle Paleozoic
that reset the 8180 isotopic signal in these rocks (average -9 %o PDB). Meteoric
calcite (average 813C is -8 %o PDB) likely precipitated late in tectonic-induced fractures
related to uplift during the Late Paleozoic, based on cross-cutting relationships.
Furthermore, estimated fluid compositions for the calcite (8180 of -7 %o SMOW) seem
to also support a late meteoric source.
This study shows that the integration of various geologic disciplines (e.g.,
stratigraphic relationships, petrography, and stable isotopes) is necessary in order to
gain a better understanding of depositional and diagenetic relationships, as well as to
constrain the timing and origin of diagenetic phases. In addition, and most importantly,
this research reveals that third-order sequence boundaries are not always represented as
pronounced changes in lithology (e.g., carbonate-shale). As such, sequence
stratigraphy proponents may need to reconsider their longstanding concepts,
particularly those related to flooding events in mixed carbonate-clastic systems.

viii

TABLE OF CONTENTS
Chapter

Page

1 . IN"TRODUCTION

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

PREVIOUS RESEARCH

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

PURPOSE/SIGNIFICANCE

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2. STRATIGRAPHY AND DEPOSITIONAL SETTINGS

INTRODUCTION

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

STRATIGRAPHY AND STRATIGRAPHIC RELATIONSHIPS
DESCRIPTION OF MAJOR LITHOFACIES
•

Subtidal

•

Intertidal

•

Supratidal

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1

7
9

11
11

12
16
16

21
21

SYNTHESIS OF MAJOR LITHOFACIES AND DEPOSITIONAL
ENVIRONMENTS

26

3. THE RELATIONSHIP BETWEEN DEPOSITIONAL SETTIN"GS AND
DIAGENESIS : AN EXA MPLE FRO M THE MIDDLE CA MBRIAN
CONASAUGA GROUP, NORTHEASTERN TENNESSEE

36

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

INTRODUCTION
METHODS

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

DESCRIPTION OF MAJOR DIAGENETIC COMPONENTS
•

Replacive Fabrics

36
39

. . . . . . . . . . . . . . . . . . . . . . . . .

40

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

40

Micritization
Dolomicrite
Dolomicrospar
Coarse Crystalline Dolomite
Non-planar Replacive Dolomite

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

40
40
41
41
44

ix

•

•

Neomorphic Fabrics

44

Ferroan calcite

44

. . . . . . . . . . . . . . . . ........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Authigenic Cements

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .

Fibrous/bladed Cements
Syntaxial Cements
Crystalline Dolomite
Baroque Dolomite
MVT Mineralization
Equant Calcite

. . . . . .. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

.

..... . . . . . . . .. .. . .

. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . ..

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . ..... . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . .. . . . . . . . . . . . .. . . . . .

. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

•

Other Diagenetic Features
Fractures
Stylolitization

. . . . . . . ..

.

....

.

. . . . .. . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

GEOCIIEMISTRY

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .

. . . .. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .

•

Stable Isotopes

•

Cathodoluminescence

. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .

.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . .

. . .. . . . . . . . . ...... . . . . . . .

.

. . . . . . . . . . . . .. . . . . . . . . . . .

DISCUSSION OF STABll..IZATION PROCESSES

. . . . . . . . . . . . .. . .

•

Marine Diagenetic Environment

•

Burial and Late Meteoric Diagenetic Environments

PARAGENETIC SEQUENCE

.

.

....

.

. . . . . . . . . . .. .

... ..... . . . . . . . . .. . . . . .

.. . . . . . . . . . . . .. . . .. . .. . . . . . . . . .. . . . . . .. . . . . . . . . . . . . . . . .

. . . . . . . .. . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . .

45
45
45
45
48
49
49
50
50
50
50
50
55
59
59
63
67

4. CONCLUSIONS . . . . . . . . . . . . . . . . . . . . .. . ... . . . . . . . .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .. . . . . 71
LIST OF REFERENCES
APPENDICES

. . . . . . . .......

.

. . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . ......

.

. . .

. . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Appendix A - Description of Measured Sections
Appendix B - Stable Isotope Compositions .
.

VITA

.

. . . . . .

.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .

. . . . . . . . ... . . ...

.

. . . .

.

74
82

. . 83
115
.

. .

. . . . . . . . . . . . . . . . . . . . . . .. . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

118

X

LIST OF TABLES
Page

Table
2.1

Comparison of ancient peritidal environments during the Middle and Late
Cambrian in Tennessee

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

28

xi

LIST OF FIGURES
Figure

Page

1.1 The Conasauga Group in eastern Tennessee showing stratigraphic relationships of
the six major units (Pumpkin Valley Shale,Rutledge Limestone,Rogersville Shale,
Maryville Limestone, Nolichucky Formation, Maynardville Limestone).................. 2
1.2 Generalized facies relationships of the Conasauga Group in eastern Tennessee and
southwestern Virginia showing the major sedimentation phases ofRodgers
(1953)
3
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1.3 A) Simplified location map showing the occurrences of the Conasauga Group in
northeastern Tennessee, along with major thrust faults and outcrops for this study.
B) Sketch showing the Middle Cambrian palinspastically restored paleogeographic
setting and likely extent of Conasauga platform, as well as its location relative to
the craton. ............................................................................................................. 5
2.1 Stratigraphic columns of the upper Honaker and lower Nolichucky
Formations .......................................................................................................... 13
2.2 Subtidal lithofacies of the upper Honaker and lower Nolichucky Formations in
northeastern Tennessee........................................................................................ 17
2.3 Common intertidal facies within the upper Honaker Dolomite in northeastern
Tennessee. ........................................................................................................... 22
2.4 Supratidal facies of the upper Honaker Dolomite. ................................................ 24
2.5 Generalized depositional setting for the upper Honaker Formation in northeastern
Tennessee showing relative position of major lithofacies with respect to sea level
fluctuations. ...................................................................................................... 27
2.6 Time-sequential block diagrams showing stratigraphic relations for the Middle
Cambrian in eastern Tennessee............................................................................. 33
3 . 1 Common replacive fabrics of the upper Honaker and lower Nolichucky captured in
plane-polarized light. ........................................................................................... 42
3.2 Authigenic precipitates in the upper Honaker and lower Nolichucky. ................... 46
3.3 Crossplot of stable isotopic values for the diagenetic components of the upper
Honaker and lower Nolichucky interval . .............................................................. 52

xii

3. 4 Paired plane-polarized light and cathodoluminescence photomicrographs

. . . . . . . . . . . . .

57

3. 5 Burial history plot based on overburden thickness for the Maryville Limestone and
overlying strata in eastern Tennessee
. .
.
64
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3.6 Paragenetic sequence for the upper Honaker and lower Nolichucky
Formations

.

. . . . . . .

. . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

68

1

CHAPTER 1
INTRODUCTION

The Conasauga Group in eastern Tennessee (Figure 1.1) is a sedimentary
package consisting of six alternating carbonate and shale formations that was deposited
during Middle and Late Cambrian time. It comprises part of a thick pericratonic
Cambro-Ordovician passive margin sequence along the eastern edge of the North
American continent (Srinivasan, 1993). The passive margin setting for these strata
formed as a result of extensional breakup of Rodinia during the Late Proterozoic.
Various sedimentary architectures (ramps, platforms, and basins) were created through
the interplay of autocyclic controls, including sediment supply, tectonism and
accompanying subsidence, and eustasy, which occurred throughout the Cambrian
(Rankey, 1993). According to Rodgers (1953), three distinct phases of sedimentation
occurred during the :Middle and Late Cambrian: (1) a phase dominated by carbonate
lithologies to the east and southeast, (2) a western and northwestern phase dominated
by shale, and (3) a central phase comprised of interbedded carbonate and shale units.
This research is focused near the boundary between the eastern and central phases of
Rogers (1953) (Figure 1.2).
Outcrop belts of the Conasauga Group in eastern Tennessee occur in a
northeasterly trend and are exposed in a series of southeasterly dipping thrust sheets in
the Valley and Ridge physiographic province. They are underlain by shaly, silty, and
sandy siliciclastic deposits (Early Cambrian Rome Formation) which serve as the
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Peritidal carbonates
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1 .1 - The Conasauga Group in eastern Tennessee showing stratigraphic relationships
of the six major units (Pumpkin Valley Shale, Rutledge Limestone, Rogersville Shale,
Maryville Limestone, Nolichucky Formation, Maynardville Limestone) (after Walker
et al., 1990). Carbonate lithologies are shaded and siliciclastics are not. Modified from
Srinivasan and Walker, 1993.
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Figure 1.2 Generalized facies relationships of the Conasauga
Group in eastern Tennessee and southwestern Virginia showing
the major sedimentation phases of Rodgers (1953). Large arrow
shows the approximate location for this study. Modified from
Rodgers (1953).
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decollement surface for most of the thrust sheets. The Conasauga Group is overlain
conformably by the Upper Cambrian Knox Group which is dominated by carbonate
lithologies. The Conasauga Group in eastern Tennessee varies in thickness from 350 m
to 7 00 m with carbonate units thickening to the east (Srinivasan, 1993). One of the
thick, easterly carbonate units (Honaker Dolomite) and its apparently conformable
relationship with the overlying Nolichucky Formation are the foci for this study.
The thickness of the Honaker Dolomite in the study area varies as a result of
structural deformation. From field data it is estimated that only the upper 1 00 m to 2 00
m of the Formation crops out in eastern Tennessee (Byerly, 1966). According to Milici
(1973), the thickness of the Nolichucky Formation ranges from 14 0 m to
18 0m. Exposures of both units are limited due to weathering and structural
complications. Yet, in eastern Tennessee, the upper Honaker Dolomite and lower
Nolichucky Formation are exposed in a few localities between the Pulaski-Stanton and
Holston Mountain thrust sheets in steeply dipping, northeasterly trending outcrop belts
(Figure 1.3a). The southernmost upper Honaker exposure for this study is near
Greeneville, Tennessee along the Nolichucky River at Greeneville Dam. The other
outcrop localities are near Johnson City, Tennessee. One is situated adjacent to I-81
just southwest of the I-181 and I-81 interchange. The other exposure for this study is
further to the northeast at the Blountville exit off I -81. Although this study is focused
solely on the Tennessee area, Honaker rocks do extend into southwestern Virginia.
This thesis contributes to previous Conasauga Group research projects in eastern

5

Figure 1 .3 - A) Simplified location map showing the occurrences of the Conasauga
Group (shaded) in northeastern Tennessee, along with major thrust faults and outcrops
for this study. B) Sketch showing the Middle Cambrian palinspastically restored
paleogeographic setting and likely extent of the Conasauga platform, as well as its
location relative to the craton. Shaded rectangle represents the study area. Modified
from Hasson and Haase (1988), Srinivasan and Walker (1993), and Rankey (1993).
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Tennessee carried out by the Carbonate Research Group at the University of
Tennessee.

Previous Research
Like many other lithologic units in this region, the Honaker Dolomite and
Nolichucky Formation were first described by Safford (18 56, 1869), who named these
units the Knox Shale. Later investigations into the Conasauga Group helped to resolve
distinctions within the Knox Shale. Early biostratigraphic studies in the Conasauga
Group focused on faunal diversities within various formations. Butts ( 19 40)
concentrated on Rutledge, Rogersville, and Maryville units in Virginia whereas
Woodward ( 19 49) dealt with Rutledge, Rogersville, and Nolichucky strata in
Tennessee. More recent studies by Derby (1965) and Rasetti ( 1965) improved the
biostratigraphic temporal resolution of the Honaker-Maryville and Nolichucky contact.
The broad lithostratigraphic and structural aspects of the Honaker have been described
by various researchers in eastern Tennessee: Rodgers ( 19 53) , King and Ferguson

( 1960) , Pugh (1966) , Little (1969) , Wilson (19 79) , Erwin ( 19 8 1) , and Hasson and
Haase ( 19 8 8) . Lithofacies and platform relationships between the uppermost Honaker
and overlying Nolichucky Formation were described by Markello and Read

( 198 1, 19 8 2) in southwestern Virginia. Diagenesis for the coeval Honaker and
Maryville formations in Tennessee and Virginia was addressed by Cook ( 1983).
The most recent, and extensive, research on the Conasauga Group was carried
out by the Carbonate Research Group at the University of Tennessee. Simmons (19 84)
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and Kozar (1986) studied depositional environments and stratigraphy of the Middle
Cambrian Maryville Limestone at two locations in eastern Tennessee. Weber (1988)
documented numerous lithofacies and addressed depositional settings as well as the
degree of cyclicity within the Nolichucky Formation. Foreman (1991) studied the
depositional components of the Nolichucky Formation as well as the post-depositional
alteration of these rocks using geochemical techniques. Srinivasan (1993) and Rankey
(1993) addressed sequence stratigraphic relationships, diagenesis, and depositional
history for the Maryville Limestone. More importantly, they documented a third order
sequence boundary for the Middle Cambrian in eastern Tennessee. Stefaniak (1996)
examined the Rutledge Limestone documenting its stratigraphy and depositional
history. Glumac (1997) concentrated on the youngest carbonate unit within the
Conasauga Group (the Maynardville Limestone) assessing the change from immature
passive margin sedimentation to a mature passive margin setting based on the
termination of Grand Cycles. Because of their studies, a great deal more has been
learned about the stratigraphy and diagenesis of the carbonate units within the
Conasauga, especially near Knoxville, Tennessee (Maryville Limestone); thus a
reexamination of the stratigraphy and diagenesis of the coeval carbonates in the
Honaker/Nolichucky interval near Johnson City, Tennessee seems appropriate. The
most important aspect of the reexamination is to define the Maryville-Nolichucky
sequence boundary in a different geographic setting and hopefully expand the Middle
Cambrian Conasauga model further on-platform.

9

Although the Conasauga carbonates have been studied rather extensively, a
concise, universally accepted model for controls governing deposition and stacking
patterns has not been achieved, especially for the Maryville (contrast Kozar et al., 1 990
with Koerschner and Read, 1 990). Milankovitch-driven eustatic fluctuations,
tectonism, autocyclic processes, and a combination thereof have been proposed by
many researchers in recent years. Rankey (1 993) addressed this issue and put forth a
plausible hypothesis for the Middle Cambrian Conasauga depositional controls. He
suggested that the controls on sedimentation patterns during Maryville deposition were
numerous and temporally and spatially variable. Sediment loading, tectonism
associated with regional extension, thermal subsidence, irregular eustatic sea level
fluctuations, and autogenic processes all exerted an influence on stacking patterns. The
absolute input of each of these factors is probably unresolvable from the stratigraphic
record.

Purpose/Significance

This research marks the first in-depth study of the upper Honaker Dolomite and
lower Nolichucky Formation by a UTK worker in recent years. It will help determine
whether the depositional processes and mechanisms which occurred in westerly
carbonates near Knoxville, Tennessee (Maryville Limestone - Conasauga Group) are
also evidenced further on-platform in coeval deposits near Johnson City, Tennessee
(Upper Honaker Dolomite - Conasauga Group). More importantly, it will explore a
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platform-interior region for the major sequence boundary recently documented further
off-platform by Srinivasan (1993) and Rankey (1993). The results generated from this
study will reveal that the conspicuous carbonate-shale sequence boundary discovered
previously near the platform margin in the Maryville Limestone is represented by a
subtle, gradational change in carbonate lithofacies further to the east/northeast. In
addition, this study will relate how depositional setting and style(s) of diagenesis are
linked, as well as show the importance of using various methodologies such as field and
stratigraphic relationships, petrographic observations, cathodoluminescence, and stable
isotopes in depositional and diagenetic studies. The information generated from this
study will not only provide more insight into the upper Honaker Dolomite and lower
Nolichucky Formation, it will also convey a better understanding of the regional
Conasauga platform development during the Middle Cambrian.
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CHAPTER2
STRATIGRAPHY AND DEPOSITIONAL SETTINGS

Introduction
This chapter focuses on stratigraphic and paleoenvironmental interpretations of
the upper Honaker - lower Nolichucky interval in northeastern Tennessee near Johnson
City, Tennessee. There are three main objectives for this chapter: first, to describe the
major lithofacies of the two formations; second, to characterize the depositional
settings; and third, to relate the results to the Middle Cambrian Conasauga depositional
model for eastern Tennessee and define the sequence boundary evidenced in coeval
deposits in a different region (Rankey, 1993; Srinivasan, 1993).
The Middle Cambrian Conasauga depositional model for eastern Tennessee
results from a synthesis of various integrated studies. Most of these Conasauga studies
focused in east Tennessee near Knoxville. The distal (and coeval) Honaker sediments
located further to the northeast near Johnson City, Tennessee have only been studied in
a broad sense. The last known in-depth studies ofthese rocks were by Erwin (1981)
and Cook (1983). The Nolichucky Formation has recently been examined by various
workers (Markello and Read, 1982; Weber, 1988; Foreman, 1991). The present work
provides even more information concerning Middle Cambrian depositional controls and
environments as well as sequence stratigraphic relationships.
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Stratigraphy and Stratigraphic Relationships
Three well-exposed outcrops of the upper Honaker and lower Nolichucky
Formations were measured and sampled for this study (Figure 2.1). Appendix A
contains detailed stratigraphic columns coupled with field and petrographic
descriptions. The stratigraphic sections are between the Pulaski and Spurgeon-Bristol
thrust faults in northeastern Tennessee (Figure 1.3a) along a roughly northeast transect
within steep southeasterly dipping beds. The Greeneville Dam outcrop (GD) and
Blountville outcrop (BL) were compared and correlated to the intermediate I-81
section, which was recently investigated in considerable detail (Ottinger et al., 1997).
Collectively, all three sections represent shallow water peritidal carbonate
deposition (upper Honaker) followed by a relative rise in sea level which, ultimately,
inundated and terminated carbonate production and deposited prograding siliciclastics
on top of the carbonate platform (lower Nolichucky). This progression is evidenced by
cyclic peritidal facies (subtidal, intertidal, and supratidal) overlain by dark-colored shaly
facies. The upper Honaker is characterized by mudstones, algal boundstones, and
packstones with varying amounts of peloids, intraclasts, ooids, and skeletal allochems
typical of modem carbonate environments like the Trucial Coast of the Arabian Gulf
The lower portions of the upper Honaker contain classic examples of tidal flat
sedimentary features: desiccation structures, evaporite vugs, fenestrae, detrital quartz,
algal and mechanically-generated laminae as well as burrows (Hardie, 1977; Flugel,
1982). The middle portions of the upper Honaker contain active and marginal shoal
deposits, whereas the uppermost portions contain rare echinoderm, trilobite, and

13

Figure 2.1 - Stratigraphic columns of the upper Honaker and lower Nolichucky
Formations. See text for description of major lithofacies. Lithologic key: Sh, shale;
MIW, mudstone/wackestone; P, packstone; G, grainstone; B, boundstone; Dashed
horizontal line near the top of the sections is the Honaker/Nolichucky contact. Faint,
stippled lines near the top of the sections correspond to tie-lines based on facies
variations. Key to distance between outcrops: present day/reconstructed distance.
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brachiopod detritus. The lower Nolichucky Formation is characterized by interbedded
paper-laminated shales and carbonate stringers composed offlat-pebble conglomerates
interpreted as storm deposits (Sepkoski, 1982; Weber, 1988). Because these
exposures are regionally correlative and represent different locations on the vast
Conasauga platform, a closer inspection of each outcrop conveys more detailed
information about depositional settings/controls during the Middle Cambrian.
For example, the I-81 section (in the Pulaski thrust sheet) and the GD section
(in the Dunham Ridge thrust sheet) are quite similar with the exception of shoal facies
and transitional facies (carbonate-shale interbeds) near the Honaker-Nolichucky
formational boundary. The shoal deposits are not as prominent at the GD section as
they are at the 1-81 stop. Both active shoal and drowned shoal deposits occur at the 181 exposure (Ottinger et al., 1997), yet only shoal margin facies are represented at the
GD section. The transitional facies at the GD section also contain thicker carbonate
beds interbedded with shale. These subtle differences are important as they show
specific paleoenvironmental characteristics, which are necessary in order to develop a
more precise depositional interpretation.
The BL section (in the Spurgeon-Bristol thrust sheet) shows significant
differences compared to the other two locales. These differences are probably the
result of the more on-platform location of this section; BL is located one thrust belt
further eastward than the GD section and two thrust belts relative to the 1-81 section.
BL is characterized by having more microbial laminated beds, more detrital quartz
grains, increased number of desiccation episodes, and more evaporitic vugs. The
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increased percentage of detrital quartz further on-platform likely suggests wind-driven
sediment from the westerly craton (Dalrymple et al., 1985). Supratidal characteristics
such as these imply longer periods of exposure on the tidal flat environment (Flugel,
1982; Hardie, 1977; Tucker and Wright, 1990). In addition, BL lacks significant oolite
facies. Those that occur are interpreted as shoal margin deposits rather than scattered
ooids brought in from adjacent subenvironments. The BL section also lacks a
transitional facies at the Nolichucky contact. Carbonate beds of the upper Honaker
give way abruptly to the shaly deposits of the overlying lower Nolichucky. The lack of
carbonate-shale interbeds, coupled with the long-exposed supratidal environment and
lag time, imply relatively rapid inundation at this location on the Conasauga platform;
this is discussed below.

Description of Maj or Lithofacies

Below are the major lithofacies found within the upper Honaker and lower
Nolichucky Formations.

As is customary with peritidal systems, other facies

combinations do occur, but they are rare.
Subtidal
Ribbon rocks---

Subtidal ribbon rocks (Demicco, 1983; Chow and James,

1992) occur in the upper Honaker near the base of the BL exposure. Lenticular beds
of limestone comprised of darker mudstone layers and lighter peloid-rich layers
characterize this lithofacies (Figure 2.2b). These deposits grade upward into
mudstones and microbial laminates of the peritidal facies. Glumac (1997) observed

17

Figure 2.2- Subtidal lithofacies of the upper Honaker and lower Nolichucky
Formation in northeastern Tennessee. [Abbreviation/decimal] correspond to sample
locality and cumulative thickness. See Chapter 1 or Appendix A for more information
concerning the measured sections. All photomicrographs are plane-polarized images.
A. Dolomitized ooid (o) intraclast (i) packstone representing drowned shoal
depositional conditions [1-81/26.2]. B. Ribbon rocks consisting of alternating light
and dark-colored bands of peloid and carbonate mud-rich layers, respectively [BL/1. 0].
C. "Clotted" texture of algal-rich thrombolite (t) facies [1-81/Hl - 0. 72]. D.
Mechanically-induced laminations within a dolomitized mudstone ("couplets"). Note
cross-laminations [BL/3 0]. E. Echinoderm fragments (e) and intraclasts (i) ofmud-rich
packstone lithologies [BL/94.4] near the Honaker-Nolichucky contact. F. Honaker
Nolichucky contact at the Blountville section. Note change in bedding thickness at the
contact. Jacob's staff (1m) for scale.
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similar ribbon rocks in lower portions of the Upper Cambrian Maynardville Limestone
and they are characteristic of the Middle Cambrian Rutledge Limestone (Stefaniak,
1996)

as

welL The layering of mudstone and peloids indicates a relatively calm water

setting with episodic storm events. The subtidal ribbon rocks within the Honaker are
unique in that they have not been dolomitized like the other lithofacies. This can be
explained by the distal location of this depositional environment from the
syndepositional dolomite forming areas (e.g., tidal flats); diagenesis will be discussed
in the next chapter.
Oo id intraclast packstone

---

This lithofacies occurs at the I-81 and GD

sections above the peritidal package in the upper Honaker. Intraclasts within these
deposits range from mud chips to algal-derived to multigenerational. They vary in size
from< I millimeter up to a few centimeters. Intraclast textural features, such as
changes in dolomite crystal size and crystal color, imply early (marine) alteration based
on their relationship to later diagenetic fabrics. Ooids, which are less than 1 millimeter
in diameter, have been micritized as well as dolomitized (Figure 2.2a). The degree of
alteration of both types of allochem varies considerably depending on host lithology,
environments of formation, and diagenetic fluids. The mixture of these allochems
suggests shoal margin deposition in slightly deeper water where water turbulence was
low to moderate. The dolomitized intraclasts were derived from tidal flat portions of
the platform. This is supported by reddish, rounded clasts in some samples.
Mudstone

- Dolomitized mudstones are prominent in all three stratigraphic

--

sections. Samples commonly contain rare peloids and intraclasts, which generally
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occur in zones rather than dispersed throughout, typical of low tidal energies and
storm-induced activity. Some mudstones may be classified as wackestone lithologies.
They sometimes also contain current-generated laminations, or couplets, from sporadic
agitation (Figure 2.2d). The peloids that occur likely originated from mud clasts,
micritized grains, or algae (Tucker and Wright, 199 0). Derivation from fecal matter
(Tucker and Wright, 199 0) is discredited due to the interpreted stressful conditions for
eukaryotic life forms in tidal flat settings such as the upper Honaker (see below). Most
dolomitized mudstones have fenestral porosity occluded with dolomite.
Thrombolite---

Non-laminated and highly porous (dolomitized) Renalcis

bioherms are found at the 1-81 section (Figure 2.2c). The lack of thrombolites at the
other two locations can be explained by the limited areal extent of such facies. These
samples likely represent shallow subtidal patch reefs, which inhibited water circulation
and establishment of higher energy conditions further on-platform.
Skeletal intraclast wackestone/packstone

-

- Grains such as fragments of
-

echinoderms, trilobites, and brachiopods, in addition to intraclasts, make up this
lithofacies. Samples are composed of iron-rich calcite and dolomite. Skeletal intraclast
wackestone/packstone are typically found in lower parts of the Nolichucky Formation
(Figure 2.2e). Fossil assemblages with the aforementioned signifY non-fluctuating
salinity and water temperatures (Boggs, 1987; Flugel, 1982; Gall, 1983).
Shale

--- Calcareous silty shale is represented at all three stratigraphic sections.

Intervals of this lithology are interbedded with intraclast packstone beds and flat pebble
conglomerate stringers at the 1-81 and GD sections. This lithofacies is associated with
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the "transitional" package of Ottinger et al. (1997). These siliciclastic deposits are very
thinly laminated and dark green to brown in color. The first prominent shale bed near
the top of each stratigraphic section marks the Nolichucky contact (Figure 2.2£).
Intertidal
Ooidpackstone/grainstone

--- The presence of these deposits is limited

stratigraphically at all three locations (Figure 2.1). Collectively, all three stratigraphic
sections contain about 3 0 meters of this lithofacies, with the Greeneville Dam outcrop
comprising approximately one-half (13 meters). The ooids are micritized to varying
degrees, with some being indistinguishable from highly rounded mud intraclasts derived
further on-platform (Figure 2.3a,b). They have been dolomitized to the extent that
identification of microfabrics is difficult. This lithology represents active shoal
deposition followed by drowned shoal subtidal deposits (re-mobilized ooid intraclast
packstone) mentioned above.
Supratidal
Stromatolitic boundstone

-- Stromatolites are present at all three sections.
-

This lithofacies can be divided into two subfacies: stratiform stromatolites (or
microbial laminates) and laterally linked hemispheroids (LLH) (Figure 2.4b,d, and c,
respectively). Both are indicative of decreased wave energy in the peritidal setting
(Logan et al., 1964; Aitken, 1967; Chafetz, 1973). They both contain fenestrae,
desiccation features (Figure 2.4a), detrital quartz and some evaporitic vugs.
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Figure 2.3 Common intertidal facies within the upper Honaker Dolomite in
northeastern Tennessee. All images are captured in plane-polarized light. A.
Dolomitized ooid grainstone with micritized and compressed ooids (co) along
stylolites. 'Box' conveys difficulty in distinguishing rounded mud clasts and micritized
ooids [I-81/25.23]. B. Dolomitized ooids (do) with selectively micritized ooids (mo)
[I-81/23.4]. C. Dolomitized intraclast ooid grainstone. Large, convolute-shaped ooid
intraclasts (oi) imply relatively minimal transport and early diagenesis [I-81/24.5].
-

24

Figure 2.4 - Supratidal facies of the upper Honaker Dolomite. All photomicrographs
are plane-polarized images. A. Pervasive desiccation of peritidal rocks [BL/42.9]. B.
Microbial laminate showing interlaminar fenestrae filled with dolomite [I-81/H7-8.65]
and C. laterally-linked hemispheroids (LLH) [BL/18.8] of the upper Honaker Dolomite
with spalling of laminae from desiccation shown in upper center. Note the change in
relief of biogenic layering between B and C. B reflects slightly lower depositional
energy conditions compared to C. D. Microbial laminated rock showing zones of
brecciation (b) on a bedding plane [GD/?]. Also note the "butcher-block" weathering
pattern - common for dolostones. 'Sharpie' pen for scale.
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S ynthesis of Maj or Lithofacies and Depositional Environments
In general, stratigraphic relationships of the upper Honaker-lower Nolichucky
lithofacies convey a deepening upwards trend, from peritidal facies grading into mixed
carbonate-shale facies. Closer examination reveals four depositional packages: 1) a
"peritidal" package, 2) a shoal package, 3) a transitional package that is limited to the
Greeneville Dam and I-81 sections, and 4) a basinal shale package. The increase in
accommodation space, especially in peritidal settings, typically creates a mosaic of
shallow water depositional environments dependent on their location relative to sea
level. Thus, the Honaker is interpreted as a peritidal "complex" rather than a single
environment. The "complex" nomenclature is justified by the lithologic variability and
facies relationships in the sections due to small relative sea level fluctuations or
progradation and retrogradation of subenvironments. The upper Honaker peritidal
depositional environments shown in Figure 2.5 are similar to other ancient peritidal
depositional environments (Glumac, 1997) in many respects (Table 2.1). There are
many modern analogs as well such as Andros Island, the Trucial Coast, and the Florida
Keys that possess similar peritidal characteristics (Hardie and Shinn, 1986; Tucker and
Wright, 1990; many others).
Subtidal Renalcis thrombolite bioherms formed patch reefs that inhibited water
circulation further on-platform. Intertidal ooid shoals also contributed to this semi
closed setting. The restricted lagoonal environment caused increased salinity levels and
low energy conditions further on-platform, as evidenced by no fauna and abundant
micrite, respectively. The limited occurrence of evaporite pseudomorphs also suggests

UPPER HONAKER
DEPOSITIONAL ENVIRONMENTS
Tidal flat

Subtidal

East

West

Subtidal

Intertidal

- Generalized depositional setting for the upper Honaker Formation in
northeastern Tennessee showing relative position of major lithofacies with respect
to sea level fluctuations. Note paleo-north arrow. Not to scale.

Figure 2.5
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Table 2.1 Comparison of ancient peritidal environments during the Middle and Late
Cambrian in Tennessee. Although they involve the same geologic Period, the Middle
and Late Cambrian in eastern Tennessee represent two different tectono-stratigraphic
settings. The Middle Cambrian peritidal facies flank an intrashelf basin to the east,
whereas the Late Cambrian peritidal deposits comprise the initial stages of a passive
margin setting after the intrashelf basin filled. Late Cambrian information from Glumac
( 1997).
-

Honaker Dolomite
(Middle Cambrian)

1. Stratiform and LLH stromatolites

Maynardville Formation
(Late Cambrian)

1. Stratiform, LLH, SH, Columnar, and Digitate

stromatolites

2. Pervasively dolomitized deposits
3. Ribbon rocks

& thrombolites (subtidal facies)

2. Selectively dolomitized deposits
3. Ribbon rocks

& thrombolites (subtidal facies)

4. Semi-arid climate (rare evaporite molds)

4. Semi-arid climate (rare evaporite molds)

5. "Couplets" common

5. "Couplets" predominant lithofacies

6. Detrital quartz silt and sand

6. Detrital quartz sand

7. Sequence boundary (result of deepening)

7. Sequence boundary (result of shallowing)
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a semi-arid climate (Glumac, 1997). According to modern analogs, salinity levels
during the Middle Cambrian may have exceeded 40%o based on the paucity of skeletal
producing organisms and semi-arid climate (Flugel, 1982). Based on the random
occurrence of intraclasts and the interpreted paleoclimate, periodic storms were likely
present and contributed to Middle Cambrian depositional controls. As the relative rise
in

sea level occurred, the barrier portions of the peritidal complex were inundated and

the once restricted lagoonal setting became open. This inundation lowered salinity
levels by mixing fresh seawater with the restricted environment, which then allowed
subtidal faunal elements such as echinoderms, trilobites, and brachiopods to thrive.
The occurrence of inarticulate brachiopods and echinoderms suggests that salinity and
water temperatures decreased to a relatively constant level. Stenohaline, stenothermal
organisms yield a great deal of information regarding paleoclimate and depositional
setting provided minimal transport has taken place. The skeletal fragments found
within this setting are likely the result of migratory, open-water facies backstepping
above peritidal facies. The deepening eventually halted carbonate production and
craton-derived siliciclastics prograding from the west ultimately buried the carbonate
platform.
Another potential mechanism for lowering salinity is freshwater percolation in
karst regions. The upper Honaker shows some evidence of dissolution and brecciation,
especially in subaerially exposed supratidal portions ofthe platform (Figure 2.4d).
Cement types usually indicate if meteoric processes have acted on exposed carbonate
rocks. More often than not, the fluids precipitate clear, meteoric calcite cements in
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pore spaces. Cement morphologies are usually meniscus or pendant-shaped in the
vadose zone indicating non-saturation (Roberson, 1989). However, overprinting by
dolomitization has made these cement morphologies essentially unidentifiable.
Although the degree and extent of freshwater percolation is indeterminable, it still must
be included as a viable mechanism that lowers salinity in restricted, shallow water
environments.
The upper Honaker portion of the platform had a slight inclination (<1°) to flat
topped architecture, based on the work by Srinivasan (1993 ). The 1-81 and Greeneville
Dam sections have a transitional package of carbonate-shale interbeds near the top of
the sections. The Blountville section lacks these interbeds, and it is the most easterly
section for this study (furthest on-platform). The two westerly sections (1-81 and GD)
were located on the slightly inclined portion of the platform and the BL section was
situated on the flat-topped area. As the relative rise in sea level occurred, the westerly
sections were flooded at a relatively slower rate than the easterly section based simply
on platform morphology. As sea level reached the exposed, flat-topped easterly
section, sea level rapidly extended across the platform. The lag time necessary to
initiate carbonate sedimentation, in conjunction with the relatively quick rise in sea
level, terminated carbonate production. The exact cause of this sea level rise is still
being debated.
A relative rise in sea level was interpreted by Srinivasan (1993 ) and Rankey
(1993 ) as due to a combination of eustasy, tectonism, and other regional controls.
Osleger and Montanez (1996) and others, on the other hand, argue that depositional
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controls were influenced solely by eustasy during the Middle Cambrian. Two main
lines of evidence suggest that eustasy was less important than local controls in the
studied sections: 1) lack of biostratigraphic correlation of this cycle boundary from the
Conasauga basin to the Great Basin region where Osleger and Montanez did their
work; and 2) lack of correlative cycles across wide areas. Rankey ( 1 993) addressed
this issue and showed that Conasauga facies are not extensive, but instead represent a
facies "mosaic" that was segmented due to differential sediment loading, tectonism, and
other autocyclic processes along the trend of the platform. Moreover, if eustasy was
the sole mechanism which governed sea level rise, extensive third order sequence
boundaries for this part of the Middle Cambrian should be found around the world. To
date, the writer has not discovered any such documented studies. However, a
consensus on this issue is not foreseen in the near future.
What is not argued is the existence of a sequence boundary for this part of the
Middle Cambrian. Srinivasan (1993) identified a drowning unconformity near
Knoxville, Tennessee. The distinct boundary separates subtidal Maryville carbonate
deposits from overlying silty clay Nolichucky deposits. Northeast of Knoxville, Rankey
(1993) discovered a backstepping platform facies within the Maryville above the
sequence boundary, which was also overlain by Nolichucky rocks.
The creation of accommodation space at Srinivasan's subtidal
exposure/drowning unconformity, in addition to lag time necessary to initiate carbonate
production again, allowed craton-derived siliciclastics to accumulate directly on top of
subtidal carbonates. Further on-platform where Maryville subtidal/peritidal facies
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dominated and exposure was limited, the increase in accommodation space allowed
carbonate sediments to accumulate and retrograde (or backstep) with sea level. This
lasted until deepening waters shut down the carbonate factory and allowed the
Nolichucky deposits to encroach even further on-platform (Honaker).
Because the upper Honaker is synchronous with the Maryville and because
Nolichucky deposits also overly the Honaker, the third-order sequence boundary
should be evidenced further on-platform, provided that subaerial exposure has not
erased its signature in the rock record.
Figure

2.6 shows the relationship of this study to the regional Middle Cambrian

Conasauga depositional model. The peritidal package is equivalent in both Maryville
and upper Honaker rocks. The third-order sequence boundary at the base of the
Maryville backstepping platform is correlative with the peritidal/shoal package contact
in the Honaker. The flooding which established this boundary created accommodation
space on top of the upper Honaker peritidal package and allowed seawater to extend
further on-platform and shift high energy shoal-type facies on top of peritidal deposits.
The prograding siliciclastics (Nolichucky) encroaching from the west eventually filled
the intrashelf basin, buried the Maryville and Honaker portions of the Conasauga
platform, and established a mature passive margin setting during the earliest Late
Cambrian. Thus, the Honaker-Nolichucky formational boundary in the study area is
considerably younger than the Maryville-Nolichucky formational/sequence boundary
further to the west. Therefore, the main grand cycle boundary (sequence boundary)
actually occurs within carbonate beds of the upper Honaker, specifically between
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Figure 2.6 - Time-sequential block diagrams showing stratigraphic relationships for
the Middle Cambrian in eastern Tennessee. Blocks A and B show coeval Maryville
deposition and block C extends further to the east/northeast (Honaker Dolomite).
Maryville facies relationships prior to the deepening event are shown in A. As a
relative rise in sea level occurred, basinal deposits (Nolichucky Formation) onlapped
the subtidal and peritidal facies of the Maryville (B) , creating a backstepping
platfonn/shelf in shallower regions. The deepening trend was interpreted by Srinivasan
(1993) and Rankey (1993) as a third-order sequence boundary. This sequence
boundary is evidenced in the coeval upper Honaker by peritidal facies overlain by shoal
facies (C). As the relative rise in sea level persisted, basinal deposits (Nolichucky
Formation) eventually migrated further to the east and buried the Honaker portions of
the Conasauga platform during the early Late Cambrian.
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peritidal and ooid shoal deposits.

This subtle facies change is the first sign of

deepening further on-platform within the upper Honaker.

Thus, the notion that

sequence boundaries are most often represented in the geologic record as drastic
changes in lithology

(such as carbonate-shale), usually associated with an

unconformity, may need to be re-examined, especially in mixed carbonate-clastic areas.
Further to the west near the Conasauga platform margin, this prominent lithologic
change is evident. However, in the platform-interior regions, it is recorded simply as a
subtle change in carbonate facies.
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CHAPTER 3
THE RELATIONSHIP BETWEEN DEPOSITIONAL SETTINGS AND
DIAGENESIS: AN EXAMPLE FROM THE MIDDLE CAMBRIAN
CONASAUGA GROUP, NORTHEASTERN TENNESSEE

Introduction
Although this chapter is not the primary focus of this research, it does highlight
the post-depositional processes that have altered the sediments of the Middle Cambrian
upper Honaker and lower Nolichucky in northeastern Tennessee. Piecing together
diagenetic histories for sedimentary units is usually quite tedious; however,
implementation of a multi-disciplinary approach using petrography,
cathodoluminescence, and stable isotopes, in conjunction with the interpreted
depositional setting (Chapter 2) help to constrain the timing and location of certain
diagenetic events. Diagenesis usually occurs in three main environments: the marine,
the meteoric, and the burial. Following deposition, sediments usually follow a timesequential series of events, with the expected sequence depending on the initial site of
sediment deposition (Walker, 1989). Hence, the depositional setting plays a crucial
role in diagenetic interpretations.
As a result of exhaustive work related to carbonate diagenesis, much has been
learned about the sediment-rock transformation. These studies have revealed
diagnostic characteristics of marine, meteoric, and burial settings, such as cement
morphologies, isotopic signatures, and trace element compositions just to name a few.
Marine diagenesis is typically characterized by micritization, nucleation of
cement phases consisting of calcite and aragonite (fibrous, bladed, syntaxial,
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botryoidal), some early dolomite, inclusions, iron minerals, and (minor) neomorphic
growth of preexisting depositional and diagenetic components (James and Choquette,
1983; Longman, 1980). Isotopic research by Lohmann and Walker (1989) yielded a
8 180 value of -5 °/00 PDB and a 8 13C value of -0.5 °/00 PDB for Cambrian marine
calcite.
Meteoric systems can be divided into three subzones (vadose zone, phreatic
zone, and marine-meteoric mixing zone), each of which have specific physical and
chemical characteristics. In general, meteoric calcite is characterized by oxygen isotope
compositions that are depleted in 180 relative to contemporary seawater values.
During burial, an increase in temperature also yields a similar depletion in 8 180 values.
Post-Silurian carbonate units that have been subjected to meteoric diagenesis may
exhibit considerable depletion in 13 C. Depletion of 13 C values caused by input of soil
derived light carbon, is much less prevalent in pre-Silurian rocks. This results from the
absence of land plants prior to Silurian time (Tobin and Walker, 1 994).
The vadose zone, which lies above the water table, is characterized by oxidizing
conditions, gravity-driven flow, varying temperatures, and unsaturated pore space, just
to name a few. Karst dissolution, meniscus/pendant cement morphologies, and the
precipitation of inclusion-free equant calcite are also typical for this zone (Roberson,
1989). Cements derived from vadose fluids are usually depleted with respect to iron
and have poor crystal terminations (James and Choquette, 1 984). The saturated
phreatic zone below the water table is characterized mainly by relatively clear,
isopachous cement fringes around allochems or drusy mosaic fabrics in pores, provided
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that the pore fluids themselves are saturated with respect to CaC03 . The third subzone
of the meteoric diagenetic system represents the mixing of meteoric and brackish fluids
with seawater. The most likely precipitate to evolve in this subzone is dolomite.
Dolomite may arise by fresh groundwater impinging on hypersaline supratidal areas
(Scoffin, 1987). According to Badiozamani (1973), mixing of 10% seawater and 90%
freshwater can form a solution slightly undersaturated with calcite and oversaturated
with dolomite. Land {1973), implementing stable isotopes and trace elements, deduced
a similar conclusion (Longman, 1980).
Diagenetic conditions within the burial setting are characterized by increased
temperatures and pressures, reducing pore fluids, ferroan calcite/dolomite phases, dull
luminescence and depleted 180 and 13 C isotopic signatures. o 13 C values decline only
slightly, whereas 8 180 compositions decrease sharply (Choquette and James, 1987).
This trend is a result of temperature affecting 8 180 fractionation more than o 13 C
fractionation and the likely effect of low amounts of carbon in most diagenetic fluids.
Dolomite crystal structures may even warp if temperatures exceed 80°C, according to
Radke and Mathis (1980). Non-fabric selective neomorphic alteration and dissolution
of preexisting carbonate phases may also occur (Hardie, 1987; Choquette and James,
1987). Cements generated under these conditions are usually pore central as well.
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Methods

A total of 137 thin sections prepared from over 150 hand samples from three
localities between the Spurgeon-Bristol and Pulaski thrust sheets in northeastern
Tennessee were examined in detail. All thin sections were stained with Alizarin Red S
and a mixed stain of Alizarin Red S and Potassium Ferricyanide, according to Dickson
(1965), to differentiate calcite and dolomite and to identify ferroan phases. Selected
polished thin sections were analyzed for cathodoluminescence using a Citl Cold
Cathode Luminescence 8200 mk3 microscope. Operating conditions were as follows:
voltage: 10-12 kV, beam current: 150-170 rnA, chamber pressure: 180-200 millitorr.
Samples for stable isotope analyses were drilled from selected thin section
billets using a microscope mounted dental drill. A total of 2 1 samples were analyzed
for carbon and oxygen isotopes at the stable isotope laboratory at the University of
Tennessee, Knoxville. Samples were roasted at 375°C for 2 hours to remove volatile
organic material and then reacted with phosphoric acid at 25°C for 24 hours (calcite)
and 48 hours (dolomite) to liberate C02 gas. Fallowing extraction, the C02 gas was
analyzed on a Finnigan MAT Delta Plus mass spectrometer. All compositions are
reported in standard delta permil notation (%o ) relative to the PDB standard (Appendix
B).
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Description of major diagenetic components

Replacive Fabrics

Micritization
Micritized grains are very common in marine settings, especially low energy
shallow waters. The most common micritized grains in this study are ooids and
intraclasts. Carbonate grains such as these are bound by endolithic microorganisms
(algae and cyanobacteria) that bioerode the outer perimeter of the allochem, leaving a
veneer for microcrystalline calcite to accumulate (Tucker and Wright, 1990). The
intraclasts in the Upper Honaker typically possess a dark micritic rim and were later
dolomitized (Figure 2.2a). Ooids, on the other hand, are significantly micritized with
rare observable concentric laminae, causing some ooids to appear as rounded mud
clasts (Figure 2.3a). The ooids were later dolomitized and deformed with burial
(Figure 2.3b).

Dolomicrite
This fabric is common in mud-rich lithologies: mudstones, fine-grained
mechanical laminates ('couplets') (Figure 2.2d), and between stratiform and LLH
stromatolite laminae (Figure 2.4b,c). It postdates the micritization phase previously
discussed. Dolomicrite crystals (<3 0 J..tm) are planar to nonplanar and may be anhedral
to euhedral. The dolomite is typically non-ferroan to weakly ferroan and exhibits dull
to non-luminescence. It is one ofthe most common fabrics, especially in the upper
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Honaker rocks. Dolomicrite is depleted in 180 relative to Cambrian calcite isotopic
values (-8.2 o/oo PDB versus -5o/oo PDB) (Lohmann and Walker, 1989) but is similar
with respect to carbon isotopic values (- 0.8 o/oo PDB versus - 0.5o/oo PDB). Part of
this may be due to Acaic-doi

.

Framboidal pyrite is a common accessory mineral to this

fabric and is influenced by microbial activity.

Dolomicrospar
This replacive fabric is very similar to dolomicrite, but coarser (3 0-7 0 J..lm). It
usually occurs between bedding parallel stylolites and in coarser portions of ' couplets'
and clay seams. Some intraclasts have this texture as well. This dolomite is non
ferroan to weakly ferroan and emits dull to non-luminescent patterns containing patchy
areas of bright luminescence.

Coarse Crystalline Dolomite
Larger dolomite crystals (7 0-4 00 J..lm) are commonly found in coarser-grained
lithologies. They replace intraclasts, peloids, ooids, echinoderm fragments,
stromatolites, and less stable calcite cements (Figure 3. la). The crystals are usually
anhedral to subhedral and may possess a cloudy center and clear outer rim commonly
referred to as "CCCR dolomite" (Sibley, 1982). Cook (1983) estimated this fabric to
account for over 1/3 of completely dolomitized rocks within the Honaker Formation.
It may obliterate original fabrics, but ghost structures are quite common (Figure 2.3b,
3.1b,c). Stylolitization predates and postdates this altering texture. Coarser crystalline
dolomite is typically non-luminescent with occasional dull-bright banding and is non
ferroan to weakly ferroan. Oxygen isotopic values are more negative relative to
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Figure 3.1 - Common replacive fabrics of the upper Honaker and lower Nolichucky
captured in plane-polarized light. A shows non-ferroan calcite (nfc) that has been
replaced by planar dolomite (do) within a coarse-crystalline dolomitized mudstone.
[I-81120.6] B. Dolomite overprinting can lead to ghost structures as evidenced by the
trilobite grain (t) [1-8 1129.2]. Intraclasts (1), as well as many other allochems within
the upper Honaker, possess an isopachous rim of dolomite implying early
dolomitization. C. Baroque dolomite (bq) is a later replacive fabric indicative of
increased temperatures (>80°C). Coarse replacive dolomite (crd) as well as baroque
dolomite typically obliterates host fabrics. [BL/16.8] (D) Ooids are another common
ghost structure within the dolornitized rocks of the upper Honaker [1-81/29.2] .
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dolomicrite or Cambrian marine calcite; carbon isotope compositions show minimal
change.

Non-planar Replacive Dolomite
Commonly referred to as "saddle" or "baroque" dolomite (Radke and Mathis,
1980), non-planar replacive dolomite is coarse (up to 1-2 mm) and somewhat turbid,
with well developed crystal faces that are characterized by sweeping extinction in
cross-polarized light. Host fabrics are obliterated (Figure 3. 1 c) by this fabric and it is
volumetrically the least abundant replacive phase in this study. Trace elemental
composition inferred from staining varies from non-ferroan to ferroan. Saddle dolomite
is non-luminescent under CL and isotopic compositions for 6 1 80 and o 13 C are -8 .8%o
PDB and -1. 7%o PDB , respectively.

Neomorphic Fabrics

Ferroan

Calcite

This mineral is commonly associated with skeletal packstones, matrix material,
and fractures of the lower Nolichucky Formation (Figure 2.2e). Although crystal size
and shape of the host fabric appear unchanged as a result of diagenesis, diagenetic
fluids have likely altered the trace element composition based on staining and
cathodoluminescence. This calcite has dull orange luminescence.
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Authigenic Cements

Fibrous/bladed Cements
Fibrous/bladed cements, indicative of marine diagenetic settings, are rare in
most rocks of this study with the exception of skeletal packstones in the lower
Nolichucky Formation. These cements are weakly ferroan to ferroan and have a dull
orange luminescence under CL. Fibrous/bladed cements typically grade into equant
drusy mosaic fabrics.

Syntaxial Cements
This cement type is also associated with marine diagenesis and lower
Nolichucky rocks, similar to the fibrous/bladed cements. It is present in packstone
deposits as syntaxial overgrowths precipitated as individual crystals sharing
crystallographic orientation with host echinoderm fragments. Syntaxial cements are
usually turbid and may be either non-ferroan or ferroan. The CL pattern of these
cements is a dull orange luminescence. The lack of fibrous/bladed and syntaxial cement
morphologies in the upper Honaker is likely a function of depositional setting and
subsequent conditions (tidal flat and syndepositional dolomitization), later dolomite
overprinting, and/or combination thereof

Crystalline Dolomite
Dolomite is common in the upper Honaker, but determining authigenic or
replacive phases is sometimes questionable. Dolomite occludes a variety of pore types
(Figure 3 .2): fenestral, fracture, vuggy, moldic and intergranular. Detailed microscopy
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Figure 3.2 - Authigenic precipitates in the upper Honaker and lower Nolichucky. All
photomicrographs were captured in plane-polarized light. A. Dolomitized mudstones
contain well preserved marine features such as evaporitic molds (ev) occluded with
dolomite, thereby implying early precipitation. Moldic porosity (m) from allochems
such as this sponge spicule are typically rare due to the stressful environmental setting.
[BL/63. 8] B. Tectonic-induced fractures related to uplift are filled with baroque
dolomite (bq) and other burial cements. Sample also shows moldic porosity (m) filled
with dolomitized matrix material as well as coarse crystalline dolomite. [BL/92. 7] C.
Framboidal pyrite is relatively common in both formations. Its association with
dolomicrite implies early precipitation. [BL/74.6]
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has revealed certain features that help constrain the relative timing of dolomitization
within the upper Honaker. For example, intraclasts in wackestone/packstone
lithologies possess an isopachous fringe of dolomite, which implies early
dolomitization. Most of the lithologies have been overprinted with dolomicrite or
dolomicrospar (both relatively early diagenetic events), which hinder their recognition.
Also, the association of early diagenetic components such as evaporitic vugs (Figure
3.2a), fenestrae (Figure 2.4b), and framboidal pyrite (Figure 3.2c) with dolomite
suggest early marine precipitation. Isotopic compositions of dolomicrite and dolomite
filled fenestrae have very similar carbon values near -0.9 o/oo PDB but slightly different
oxygen values (-8. 5 °/00 PDB and - 1 0.6 °/00 PDB, respectively). The oxygen
compositions do not reflect marine values; the more negative values may be the result
of alteration by later burial fluids. Yet, the most striking evidence for marine dolomite
is its relationship to some syntaxial calcite; sparse dolomite rhombs are engulfed by
syntaxial cements. They occur higher in the stratigraphic sections, near the Nolichucky
contact. Marine dolomite crystals vary in size from 60 to 300 Jlm and possess irregular
crystal boundaries. They are non-ferroan and dully luminescent under CL.

Baroque Dolomite
Non-planar dolomite not only replaces previous fabrics but it can also
precipitate very late in fractures (Figure 3 .2b ). The temperatures (>80°C) usually
necessary for baroque dolomite to precipitate imply burial diagenetic conditions.
Baroque dolomite cement occludes tectonic-related fractures within the upper Honaker
dolostones and postdates reduced iron-rich calcite phases of the lower Nolichucky
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Formation. The curved crystals are non-luminescent and vary in size, but are typically
1 -2 mm� the crystal centers are also turbid.
MVT Mineralization

Mississippi Valley-Type mineralization is found in the upper Honaker.
Mineralization is characterized by clear to slightly turbid tabular crystals with low to
moderate birefringence (2nd order blue). It occurs in a few samples throughout the
entire stratigraphic sections as a later cement phase associated with calcite-filled
fractures. Crystal size varies, but is commonly 500 J..Lm to 1 mm. Under CL, it is non
luminescent. This mineral is likely a member of the Barite Group (either barite or
celestite) (O.C. Kopp, personal communication).

Equant Calcite
Non-ferroan equant calcite is predominantly located in late fractures and
intergranular pores of the upper Honaker. It is associated with dedolomitization, MVT
mineralization, and other late diagenetic events. Any early equant calcite precipitates
have likely been overprinted by dolomite. Cathodoluminescence produces microbands
ofbright orange and non to dull luminescent patterns. Crystals can be very large and
blocky (up to 4 mm). Average 8 13 C is -9 °/00 PDB and 8 1 8 0 is - 1 0 °/00 PDB.
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Other diagenetic features

Fractures
Various generations of tectonically-induced fractures are present in the rocks of
this study, especially the thick bedded dolostones of the upper Honaker. Structural
deformation related to compression and uplift have created at least 3 generations of
fractures based on cross-cutting relationships. The fractures are filled with turbid
saddle dolomite, coarse planar dolomite, equant calcite, and/or pyrite. Carbonate
precipitates may be ferroan to non-ferroan. Most fracture-fillings emit dull orange
luminescence under CL with the exception of pyrite, which is non-luminescent.

Stylolitization
Both bedding parallel and bedding normal stylolites are evidenced in the upper
Honaker and lower Nolichucky Formations. The amplitude of the stylolites is a
function of the clay content in the host lithology. Stylolites, as well as clay seams,
contain coarse crystals of dolomite, dolomicrospar, quartz, or other insoluble materials.
They are usually ferroan and dully luminescent with bluish purple specks. Stylolite
formation occurred prior to, during, and following fracturing.

Geochemistry
Stable Isotopes
Stable isotope compositions provide important clues concerning the properties
of different diagenetic environments. Compositions of phases precipitated in various
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environments are a function of kinetic effects (i.e., temperature, biological controls,
unidirectional processes such as photosynthesis, etc.) and equilibrium effects (i.e., bond
energy differences) (Hoefs, 1 997). The stable isotope composition of all the
depositional and diagenetic phases are summarized in Appendix B.
Figure 3 . 3 is a crossplot of o 1 80 and o 13C values showing two distinct dolomite
and calcite zones that roughly possess the inverted J-shaped curve of Lohmann (1 982).
The more negative o 1 80 values for the dolomites convey 'reset' isotopic signals due to
recrystallization at the higher temperatures of burial diagenesis. For example,
dolomicrite and fenestral dolomite are well documented and common microfacies in
early marine diagenetic settings, yet their oxygen isotopic compositions are similar to
saddle dolomite, which can only form in the presence of sulfate-rich marine fluids or
warm (>80°C) burial fluids. The temperature range for the saddle dolomite formation
can be estimated from measured o 180 values of the dolomite and assumed o 1 8 0
compositions of burial fluids. Using a range of 8 180 compositions for modern
formation waters in sedimentary basins of 0 to 5 %o SMOW (Kharaka and Thordsen,

1 992) and -9 o/oo PDB for the saddle dolomite yields a temperature range of 95°C to
1 50°C for saddle dolomite precipitation (equations after Land, 1 985). Thus, the timing
of saddle dolomite precipitation, in conjunction with the estimated temperature range,
reduce the likelihood of sulfate-rich marine fluids precipitating these non-planar
dolomite phases.
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Figure 3.3 Crossplot of stable isotopic values for the diagenetic components of the
upper Honaker and lower Nolichucky interval. Note the isolated fields for dolomite
and calcite. The 'box' represents a common isotopic range for most Early Paleozoic
meteoric calcites in the southern Appalachians based on the literature. Note the
variance between calcites of this work relative to calcites from other Early Paleozoic
studies. Lohmann and Walker's (1989) Cambrian marine calcite composition is also
plotted.
-

Delta 1 80 PDB
-16

-

14

-

12

-8

-10

-6

-

4

-2

------------ -.
.
.
..

2

0

•

s'-• j
•

.
.
.

'- - - - - - - - � - - - - - ·

Marine Calcite

-2

�
Q

-4

�
u

M

,......

CI:S

-6

•

-8
D
•

•

-10

DOLOMITES

CALCITES .

e Dolomicrite
e Planar dolomite - Vuggy
Planar dolomite - Fenestral
0 Dolomite - Non-descriptive
0 Replacive Dolomite
Non-planar dolomite

Intergranular

•

Vuggy

D

Fracture

+ Cambrian marine
calcite

.::=

a)

Q

54

The 180-depleted calcite compositions, which are also significantly lighter in 1 3e
compared to most Early Paleozoic calcite values, could possibly be a function of
various diagenetic mechanisms, including oxidation of organic matter in suboxic
diagenetic settings, initiation of methanogenesis under anoxic conditions, introduction
of light carbon into the subsurface by land plants, or simply alteration by modern 1 3e
depleted meteoric fluids (Hoefs, 1 997). This range of possibilities can be constrained
by inferring fluid compositions for the calcite, which are estimated by integrating likely
temperatures and measured 5 1 80 values of the carbonate samples into the following
equation: 1 000ln<l(caic-water) = 2.78( 1 06T2) - 2.89 (Friedman and O'neil, 1 977). By
assuming temperature conditions of early and late diagenesis (approximately 30oe to
70°e), and using an average 5 1 80 value for the calcite (- 1 0 o/oo PDB), the calculations
suggest fluid compositions were comparable to either modified seawater at higher
temperatures (- 1 to -2 %o SMOW) or meteoric water at lower temperatures (-7 %o
SMOW). However, because much of the calcite is associated with dolomite
dissolution and fracture porosity, and because calcite appears to be one of the last
precipitated phases based on cross-cutting relationships, calcite probably occurred as
the formations rose from deep burial diagenetic settings into the shallow meteoric realm
by way of tectonic uplift and unroofing during the Late Paleozoic Alleghanian
Orogeny. Land plants during this time could have depleted the 5 13e signal by
incorporating light carbon into the subsurface. Likewise, the influence of present-day
meteoric fluids on these rocks could also be a viable mechanism, considering 1 3 e in
modern fresh waters can be depleted by as much as -20 %o PDB if biological C02
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predominates in a system (Hoefs, 1 997). The author, however, suggests that a more
extensive isotopic study be carried out to ascertain the exact cause(s) of this anomalous
range ofo 13 C calcites since most Early Paleozoic compositions are more positive
(Figure 3 .3 ).
It is important to note that petrographic observations of diagenetic components
(previous section) reveal that much of the dolomite precipitated during both marine and
burial diagenetic conditions. In addition, stable isotopic compositions of the calcite
imply two different fluid compositions that are both capable of yielding the same
isotopic signature. The discrepancies within petrographic observations and stable
isotopic data alone are overcome by collectively integrating the two disciplines to
confine the range of possibilities (i.e., timing and origin of diagenesis). Hence, omitting
one of these methods would result in ambiguous and potentially inaccurate
interpretations.

Cathodoluminescence
Cathodoluminescence (such as bright, dull, and non-luminescent) in carbonate
lithologies are a function of multiple factors including the presence of activators (such
as Mn2+ and Pb2+), quenchers (such as Fe2+, 3 +, Co2+,and Ni2), and the relative
concentrations of rare earth elements (REB's) in diagenetic fluids (Machel et al. 1 99 1 ).
,

Non-chemically-dependant factors such as, but not limited to, temperature, salinity, and
crystal surface structure may also influence cathodoluminescence (Machel and Burton,

1 991). From luminescence patterns, broad inferences can be made about fluid
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chemistry during crystallization of cements. Cathodoluminescence also allows for
better recognition of cement phases that are not visible with plane light microscopy.
For example, many early calcite-filled fractures within the upper Honaker were
overprinted and hidden by the more stable dolomite crystals (Figure 3 .4c).
Cathodoluminescence revealed these areas as bright orange-red fractures (calcite) in a
non-luminescent groundmass (dolomite) (Figure 3 .4d).
The cements and depositional components of the Honaker/Nolichucky interval
reveal various luminescent patterns. The abundant dolomite of the upper Honaker is
dull to non-luminescent, suggesting high temperatures and/or increased amounts of
reduced iron, typical ofburial diagenetic conditions. It may occasionally be zoned.
Calcite, on the contrary, is bright to dully luminescent and may possess microbands.
Cross-cutting relationships and stable isotopic compositions suggest that calcite in the
upper Honaker likely precipitated late from meteoric fluids. It is evidenced by calcite
microbanding on brecciated, dolomitized clasts (Figures 3 .4 a,b) and more negative 13 C
values (Figure 3 .3). Calcite in the Nolichucky Formation, however, has dull to
moderately bright orange luminescence. This has been interpreted to indicate low
concentrations of dissolved Fe2+ in marine fluids during deposition and stabilization of
subtidal facies. Sparse siliciclastic deposits of the upper Honaker, mainly detrital
quartz, have bright bluish purple luminescence. The difference in luminescence patterns
between the two formations is an artifact of depositional setting and subsequent
diagenetic alteration(s).
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Figure 3.4 - Paired plane-polarized light and cathodoluminescence photomicrographs.
A,B show intergranular calcite with microbands and dissolved dolomite breccia clasts.
[I-8 1/3 .4] C,D show the utility of cathodoluminescence. Plane-polarized light
microscopy reveals only one generation of fractures in the dolomicrospar lithology
while cathodoluminescence conveys more than one generation. [I-8 1/3 0]
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Discussion of Stabilization Processes

Marine Diagenetic Environment
The bulk of marine carbonates begin to undergo diagenesis very early in the
marine setting. Early marine cements may be calcitic, aragonitic, or dolomitic
depending on a number of factors including, but not limited to, water depths (shallow
versus deep marine), geologic time (Sandberg, 1 983), and depositional setting and
subenvironments. Because water depths were relatively constant during deposition of
the rocks studied here (supratidal to subtidal range), and because the formations
examined are similar in age, depositional environments become the main factor
regarding diagenesis of the upper Honaker and lower Nolichucky.
Marine dolomite is a common diagenetic component, especially in the upper
Honaker. Many models for surface dolomitization have been proposed: Dorag mixing,
sabkha with evaporative reflux, Kohout convection, seepage-reflux, shallow-subtidal
(Machel and Mountjoy, 1 986; Tucker and Wright, 1990), as well as others. Many of
these are modifications of previous models.
Dolomite will precipitate provided enough Mg2+ and C032- are in a system,
fluids are mobile, and kinetic inhibitors such as hydration spheres (which preferentially
incorporate Mg2+ before Ca2+), dissolved sulfates, and organic material are overcome
(Machel and Mountjoy, 1 986). The early marine dolomite of the upper Honaker could
have formed in a variety of ways: reflux of slightly hypersaline lagoon waters, tidal
pumping, freshwater/seawater mixing (Tucker and Wright, 1 990), and/or some
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combination of these. Each possibility is addressed below. The difficulty of discerning
which is most correct for this study reflects what little is understood about dolomite
forming processes. Carbonate sedimentologists must look at all aspects of a
depositional/diagenetic system to arrive at the most likely mechanism(s).
The reflux of slightly hypersaline lagoon waters is a plausible mechanism for
early dolomitization. Subtidal thrombolite and intertidal facies may have acted in
concert to limit seawater mixing in interior portions of the platform and, consequently,
raise salinity levels. The "semi-closed" lagoon setting would have allowed hypersaline
waters to seep and reflux in the underlying peritidal sediments. Evaporation usually
accompanies this process, especially in modern, arid systems like the Trucial Coast of
the Persian Gulf (Bush, 1 973). More humid regions, like the Bahama Bank carbonates,
contain minimal evaporites (Hardie and Shinn, 1 986). The upper Honaker likely
represents a combination of the two modem analogs (semi-arid climate), because
although it contains some evaporite molds in carbonate mud-rich lithologies (Figure
3 . 2a), the Conasauga paleolatitude during the Middle Cambrian was similar to that of
the present day Bahama Bank (Torsvik et al., 1 99 1 ).
Tidal pumping is also a potential mechanism, but not as likely as the
aforementioned, due to the calm lagoon setting further on-platform. However, because
this environment was located in the tidal zone, fluctuations in tidal regime could have
contributed to some of the early dolomite. Spring high-stands could have introduced
Mg2+ into the sediments from fresh unaltered seawater.
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The tidal zone location also implies freshwater-seawater mixing as another
mechanism for dolomite precipitation. Exposed portions of the carbonate platform
(supratidal and intertidal facies) could have been areas of dissolution and, thus,
conduits for freshwater percolation. Topographic-driven flow through the platform
would mix meteoric and marine fluids. Based on the shallow (to exposed) carbonate
setting and climatic conditions, karstification would have likely occurred as well.
However, only rare episodes of dissolution are recorded in the upper Honaker rocks
(Figure 2.4d). This suggests that: 1 ) later dolomite overprinting has erased most of
the karstification evidence and/or, 2) karstification was not significant during this time;
petrographic observations seem to support the former as some vugs contain an early
phase of calcite followed by a later replacive form of dolomite (Figure 3 . 1 a).
All three mechanisms, collectively, could have exerted controls on dolomite
precipitation as well. The interpreted depositional setting for the upper Honaker
possesses all the criteria necessary to promote early dolomitization (evaporation, Mg2+
supply, fluid migration, etc.). Any combination of dolomite models is plausible,
provided they truly reflect the geology.
Basinward of syndepositional dolomite areas are intertidal ooid shoal facies and
subtidal facies, respectively. Early dolomitization may have taken place in these
settings, however later dolomite overprinting nullifies its recognition in these rocks.
Early cementation is suggested by the shape and size of ooid-intraclasts (Figure 2.3c).
The irregular, non-streamline morphology of the clasts implies minimal transport and
early (marine) diagenesis ofthe packstone and grainstone lithologies. Calcite likely
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precipitated in the intergranular pores but was later converted to a more stable
dolomitic phase during burial diagenesis. Deeper subtidal deposits such as skeletal-rich
packstone facies also suggest early marine calcite. Syntaxial overgrowths on
echinoderm debris, microcrystalline calcite, fibrous/bladed crystals along skeletal grain
boundaries, and framboidal pyrite are classic examples of subtidal marine features. The
majority of these rocks were later selectively dolomitized with the exception of
carbonate beds within the shale-rich lower Nolichucky Formation. The non-alteration
of these subtidal carbonate beds is likely a result of shale interbeds inhibiting fluid
percolation. Late diagenetic alteration is discussed in the next section.
Much of the micrite in both formations has been dolomitized. Distinguishing
marine dolomite and burial dolomite is sometimes difficult, however, stable isotopic
data usually allows for better distinction of dolomite origin and timing. Even though
fine-grained carbonate sediment has the potential to be isotopically altered during
dolomitization, it has been demonstrated that most finely-crystalline dolomites usually
retain their carbon isotopic composition from the precursor CaC03 for the following
reasons: 1 ) the dominant source of carbon is the precursor carbonate mineral phase;
2) the formation of dolomicrite is usually a very early diagenetic process; and 3) pore
space occlusion during penecontemporaneous cementation can usually isolate
dolostones from later diagenetic fluids (Glumac, 1 997; Narbonne et al., 1 994; Kaufinan
and Knoll, 1 995). Dolomicrite isotopic values plot the closest to Cambrian seawater
values compared to any other diagenetic phase (Figure 3 .3). However, the 3 o/oo
difference between the Cambrian marine calcite and dolomicrite is significantly higher
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than that of Glumac' s ( 1 997) 1 %o difference for similar age, shallow water deposits in
the southern Appalachians. Thus, different diagenetic histories were likely imposed on
the two Cambrian peritidal complexes.

Burial and Late Meteoric Diagenetic Environments
Burial diagenesis is a later event that is typical of many ancient lithologies,
especially Early Paleozoic rocks of Tennessee. Tectonism, thermal and non-thermal
subsidence, weathering, eustasy, and other controls during the Paleozoic have created
vast amounts of accommodation space and sedimentary fill in the southern Appalachian
region. A burial curve (Figure 3 . 5) based on overburden thickness from Srinivasan
( 1 993) suggests that Maryville-Honaker deposits were buried more than 4.5 km and
were exposed to temperatures slightly greater than 1 50°C by the Late Paleozoic. The
temperatures and pressures associated with these conditions would have led to various
processes including physical and chemical compaction, dissolution, cementation, burial
dolomitization (neomorphism), mineral reactions, and organic maturation (Choquette
and James, 1 987). Most ofthese processes are evidenced within the upper Honaker
and lower Nolichucky Formations.
Following the last relative rise in sea level which inundated the Conasauga
platform and deposited deeper water deposits (Nolichucky) on top of peritidal
carbonates (Honaker), shallow burial conditions were exerted on the lithologies. The
upper Honaker contains replacive fabrics such as dolomicrospar and zoned dolomite.
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Figure 3.5 - Burial history plot based on overburden thickness for the
Maryville Limestone and overlying strata in eastern Tennessee.
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rocks are time-eqivalent and proximal to the rocks of this study (Honaker
Dolomite), thus overburden thickness should have been similar. Note that
surface temperature is assumed to be

20°C and geothermal gradient is
assumed to be 30°C per kilometer. Modified from Srinivasan ( 1 993).
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Dolomicrospar likely evolved from a dolomicrite precursor whereas the zoned dolomite
probably implies replacement of early, marine dolomite or low-Mg calcite (Cook,
1 983). Zoned dolomites are comprised of a turbid crystal center and a translucent
outer rim. The cloudy center is a result of ion impurities (Mn2+, Fe2+, etc.) contained
in seawater that were incorporated into the crystal lattice; the translucent perimeter
suggests a change in fluid composition through time, probably mixed marine-meteoric
fluids.
The presence of vuggy porosity, which is especially evident with the aid of
cathodoluminescent microscopy, suggests dissolution by meteoric fluids.
Cathodoluminescence reveals patchy zones of bright luminescent calcite pre-dating dull
to non-luminescent replacive dolomite in the upper Honaker. The exact timing of
dissolution events is somewhat questionable due to the limited occurrence of these
calcite/dolomite-occluded pores.
Intermediate and deep burial diagenetic conditions have left more recent
signatures that are more easily identified. Relative depleted isotopic values, reduced
iron cement phases, compaction, stylolitization, fracturing, MVT mineralization, and
baroque dolomite are quite common in the Middle Cambrian strata. Their individual
time frames may be questionable however, as most events were more or less
contemporary. Based on the burial curve from Srinivasan ( 1 993) (Figure 3 . 5), baroque
dolomite formation and other deep burial events probably began during the Late
Ordovician following the Taconic Orogeny (-450 mya). This assumption is based on
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an 80°C minimum limit for baroque dolomite (Radke and Mathis, 1 980; Choquette and
James, 1 987).
The increase in temperature related to burial led to a decrease in 8 180 values.
Oxygen values of deep burial phases are depleted relative to Middle Cambrian marine
settings by as much as 6 %o PDB (Figure 3 .3). Overburden stresses associated with the
Taconic Orogeny led to lower porosity due to physical and chemical compaction.
Chemical compaction, or pressure solution, produced bedding parallel and bedding
normal stylolites in most of the thick bedded dolomitized mudstone and wackestone
lithologies. The amplitude of the suture pattern is a function of the clay content and
grain size; the orientation of the stylolite aligns normal to the dominant stress field.
Hence, the bedding parallel stylolites were produced by overburden stresses, whereas
the bedding normal stylolites formed as a result of compression due to thrusting. The
stylolites (and clay seams) usually contain dolomite crystals and other insoluble
materials.
Tectonic activity resulted in 3 (possibly more) episodes ofbrittle deformation in
these rocks, based on cross-cutting relationships. Most fractures are occluded with
planar and non-planar forms of dolomite. The planar dolomite probably stemmed from
meteoric water percolating down through the rocks following tectonism. As tectonism
and subsequent sediment deposition continued into the middle Paleozoic, increased
temperatures linked to burial produced baroque dolomite in the fractures. Ferroan
calcites/dolomites neomorphosed in the carbonate beds that were located proximal to
Nolichucky shale layers as well. The iron-rich phases and high temperatures likely

67

produced the pyrite that coats most of the lithologies and occurs later in fractures.
Stylolitization also occurred contemporaneously with these other events.
As burial-induced temperatures elevated even more, MVT minerals (barite?)
derived from basinal sources were precipitated pore-centrally in some of the fractures.
These fractures are somewhat rare but do occur throughout the entire stratigraphic
interval.
The Alleghanian Orogeny during the Late Paleozoic uplifted these formations
to their present orientation in the Valley and Ridge physiographic province. During the
Mesozoic Era, unroofing of younger sedimentary material allowed leaching and
dolomite dissolution (dedolomitization) to occur, which still continue today (Cook,
1983 ). The dedolomitizing event is evidenced by non-ferroan equant calcite between
brecciated dolomitized clasts (Figure 3.4 a,b) that probably formed close to the surface.
Temperatures were approximately 25-30°C based on the oxygen isotopic compositions
and calculated results of the calcite-water fractionation relationship (Friedman and
O'Neil, 1977). Depleted carbon isotopic values of the equant calcite seem to reflect a
meteoric signal as well (Figure 3.3).

Paragenetic Sequence
Integrating plane-polarized light and cathodoluminescent microscopy, stable
isotopes, and examples from other carbonate studies permits relative time frames to be
placed on the diagenetic phases or events in this study. Figure 3.6 is a proposed
paragenetic sequence for the Middle Cambrian upper Honaker and lower Nolichucky
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Figure 3.6 Paragenetic sequence for the upper Honaker and lower
-

Nolichucky Formations. Note superscripts for diagenetic phases/events that are
limited to subtidal and peritidal facies, respectively. The paragenetic sequence
is arranged from early marine and evaporitic conditions to deep burial
conditions. There is an additional meteoric phase of non-ferroan equant calcite
following deep burial. See text for discussion.
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formational boundary.
The information presented in this chapter should convey that diagenetic phases
are a function of many factors, with initial depositional site being one of the most
important. The time-sequential series of diagenetic events that comprise the
paragenetic sequence are similar to depositional facies in general - they are not laterally
extensive. Thus, superscript symbols represent phases that are limited to peritidal and
subtidal facies of the Honaker and Nolichucky formations. It should also convey the
importance of combining various geologic disciplines when trying to interpret
diagenetic histories.
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CHAPTER 4
CONCLUSIONS

1 . The coeval (Middle Cambrian) Maryville and upper Honaker rocks in eastern
Tennessee span a large geographic region. The results of this study relate well to
the depositional model previously proposed by Maryville researchers and, thus,
expand the Middle Cambrian Conasauga depositional model farther to the
east/northeast. The results also allow for a better understanding of depositional and
diagenetic controls for this portion of the Cambrian Conasauga Group.
2. The third order sequence boundary found in more westerly carbonates (top of
Maryville Limestone, Srinivasan, 1 993 ; or in the upper Maryville, Rankey, 1 993) is
also present further eastward within the upper Honaker Dolomite, where it is
manifested by shoal facies overlying peritidal deposits. The backstepping
platform/shelf of the Maryville (Rankey, 1 993) is correlative with the ooid shoal
facies of the upper Honaker, based on field and stratigraphic relationships. The
subtle facies change that marks the sequence boundary within the upper Honaker is
unique and, therefore, should influence sequence stratigraphy proponents to
reconsider their longstanding concepts.
3 . The basinal onlapping shale facies of the Nolichucky Formation in more easterly
areas (Johnson City, Tennessee) suggest the intrashelf basin filled completely. This
allowed for passive margin sedimentation to initiate during the Late Cambrian
(Maynardville Limestone). It also means that the carbonate/shale contact near
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Knoxville is older than the facies-similar carbonate/shale contact near Johnson City,
based on platform architecture and direction of flooding.

4. This study is another example of how depositional settings and subsequent
diagenetic alterations are linked. Marine, meteoric, and burial conditions have all
imparted their signatures on the Middle Cambrian Honaker-Nolichucky formational
boundary in northeastern Tennessee.

5 . Subtidal thrombolite and intertidal shoal facies acted as barriers for the more
interior portions of the Conasauga platform during the Middle Cambrian. This
restricted marine setting allowed salinity levels to rise considerably based on the
paucity of skeletal organisms and likely contributed to much of the
penecontemporaneous dolomite found in the upper Honaker.

6. Rare evaporite molds and the abundance of penecontemporaneous dolomite imply a
semi-arid climate for this part of the platform during the Middle Cambrian.
Moreover, the paleolatitude for Honaker/Nolichucky deposition was similar to
present day Bahamas - a typical analog for shallow marine carbonates.

7. Foilowing the relative rise in sea level, which initiated a new phase of genetically
related carbonates (sequence boundary), restricted areas of the platform became
open to fresh seawater. Salinity decreased to a range more suitable for invertebrate
organisms as a result of the mixing waters during the latter part of the Middle
Cambrian.

8. Petrographic observations, cathodoluminescence, and stable isotope geochemistry
have revealed marine, meteoric, and burial diagenetic calcite and dolomite phases.
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Petrographically, much of the dolomite formed early based on its relationship to
early marine components such as evaporites and fenestrae. However, stable isotope
compositions of these same samples reveal very negative 8 1 80 values. The
discrepancy between petrographic observations and isotopic data indicates
recrystallization and exchange with warm burial fluids.

9. Stable isotopic values form 2 generalized fields: low 6180 dolomites and low 813 C
calcites. Dolomite compositions result from high temperatures related to burial
following the Taconic Orogeny (Middle Ordovician) and calcite compositions likely
result from meteoric fluids following uplift (Late Paleozoic).

1 0 . This study shows the importance of synthesizing multi-disciplines (stratigraphic and
field relationships, petrographic observations, cathodoluminescence, and stable
isotopes) to better understand depositional and diagenetic relationships.
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Appendix A
Description of Measured Sections
Sample descriptions [column 3] are listed from the base to the top ofthe measured
interval. The sample numbers [column 2] indicate the cumulative stratigraphic
thickness above the datum. Multiple samples from a unit are designated by letters (i.e.,
5a, 5b, 5c, . . . ) [column 1]. This subdivision allows for better unit characterization as
the samples change stratigraphically upwards. The datum is typically the base of the
outcrop, but not always. A significant portion of the upper Honaker at the GD section
is submerged. The datum here represents the first measurable carbonate bed
stratigraphically above the submerged portion. The base of the Honaker Dolomite
(Rome Formation contact) does not occur at any of the measured localities. Three
outcrops were measured and sampled for this project:
I-8 1 . . . . . . . . . . . . Interstate 8 1 near Johnson City, TN
GD . . . . . . . . . . . . . Greeneville Dam
BL. . . . . . . . . . . . . . Blountville exit
Measurement Conventions
Bedding thickness

Thick bedded . . . . . . . . . . . . . . . . . . . 30- 1 00 em
Medium bedded . . . . . . . . . . . . . . . . . . 1 0-30 em
Thin bedded . . . . . . . . . . . . . . . . . . . .3- 1 0 em
Very thin bedded . . . . . . . . . . . . . . . . . up to 3 em
.

.

.

.

.

*Gra in size (from Went worth, 1922)

Coarse-grained . . . . . . . visible to the naked eye
Medium-grained . . . . . . identifiable only with a hand lens
Fine-grained . . . . . . . . . .identifiable with hand lens but difficult
Very fine-grained . . . . grains indistinguishable even with hand lens

* Field descriptions have been supplemented with petrographic observations due to the
fine-grained texture and pervasive dolomitization of the sediments.
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1-81 Section
The 1-8 1 section is one of the better Honaker/Nolichucky exposures in northeastern
Tennessee. It serves as the "reference outcrop" to which the other exposures are
compared and correlated. The outcrop is located on the eastern side of l-8 1 just north
ofthe Fall Branch exit and south ofthe 1- 8 1 /I- 1 8 1 interchange in Sullivan County,
Tennessee.

Unit
Number

Cumulative
Thickness (meters)

Description

-Base of Honaker not exposed1a

. 72

Dolomitized mudstone/algal mudstone. Sample has
"clotted" texture similar to thrombolites. Porosity is
intergranular for the most part with non-ferroan non
baroque dolomite infilling. Sample contains rare
fractures and opaques. Sample 0. 72.

lb

1.3

Dolomitized mudstone with rare peloids and/or
intraclasts. Two distinct lithologies on either side of a
bed parallel stylolite. Upper lithology is darker in color
(more organic material) and contains less porosity. The
dolomicrite is coarser compared to the lower lithology.
The lower lithology is mud-rich as well but contains
more porosity (vuggy, fenestral). These pores are
predominantly filled with coarse crystalline dolomite.
Hematite is also present in the lower lithology. The
lower lithology has a more "clotted" texture similar to
that of algal-rich lithologies. Sample 1 .3 .

2

1.8

Dolomitized intraclast packstone. Clasts vary in size,
shape and color but are typically - 1 0

mm,

subrounded,

and brown. Also contains some peloids as well.
Porosity in sample 1 . 8 includes fenestral, fractures, and
vugs with turbid, yellowish non-ferroan non-baroque
dolomite infilling. Hematite and opaques also occur.
Appears to also possess laminations. Bed parallel
stylolites also occur. Sample 1 . 8 .

86

3

2.6

Dolomitized intraclast packstone. Clasts vary in size and
shape but are typically 2- 1 0 mm and angular. Matrix is
very muddy (dolomicrite). Sample also contains some
clay minerals as well as opaques. Fractures are rare.
Sample 2 . 6

4

3 .4

Dolomitized intraclast wackestone with predominantly
angular clasts. Sample contains both ferroan and nonferroan non-baroque dolomite as well as non-ferroan
equant calcite. Brecciated in nonferroan calcite
groundmass. Fractures and opaques are somewhat rare.
Contains the most calcite compared to any other sample.
Sample 3 .4.

Sa

4.6

Dolomitized intraclast wackestone. Degree of dolomiti-zation varies. Pores in sample 5 .2 contain both ferroan
and non-ferroan non-baroque dolomite. Sample also
contains some rare opaques, stylolites, and fractures.
Sample 4.6.

5b

5.5

Dolomitized algal laminated boundstone. Contains
abundant intraclasts and peloids. Crystal size of
dolomite comparable to dolomicrite/microspar. Fenestral
porosity common with some vugs. Also contains
framboidal pyrite or other iron oxides (hematite).
Fractures are common as well as bed parallel and bed
normal stylolites. Sample 5 . 5 .

5c

7.4

Dolomitized mudstone with varying degrees of
dolomitization. Very porous lithology consisting of vugs
and bird's eye structures. Bed parallel stylolitization also
common, as well as some fractures. Sample 7.4.

6

8.4

Dolomitized intraclast packstone. Dolomitization is
coarser at the top of sample 7. 5 compared to the bottom
of the thin section. Peloids common. Porosity ranges
from intergranular to fenestral. Sample contains a lot of
organic material as well, especially near the stylolites.
Fractures also occur. Sample contains some calcite also.
Sample 8.4.

7

9 . 09

Dolomitized stromatolite boundstone. Layers contain
abundant peloids. Fenestral porosity very common
and filled with replacive dolomite (calcite). Fractures
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also present and filled with dolomite. Abrupt change
in lithology at top of sample 8.65. Becomes more mud
dominated and less algal laminated. Iron oxides also
occur in a few places. Medium to thick bedded. Sample
9.09.
8

9.39

Coarsely dolomitized mudstone to intraclast wackestone
with some intraclasts showing different textures for
dolomitization. Some void filling cements have opaque
boundaries. Coarse non-baroque dolomite also present
in voids. Intraclasts vary in size (up to 3 mm). Peloids
may (may not) be present. Dolomitization makes it
difficult to determine for sure. Possible algal-derived
intraclasts ?? Medium to thick bedded. Sample 9.39.

9

1 0. 79

Abrupt change in lithology but no hardground or
stylolite, etc. present. Faintly laminated. Dolomitized
intraclast packstone. Upper lithology coarser-grained
than lower lithology. Lower lithology intraclast
wackestone (dolomitized?). Medium to thick beds.
Sample 1 0.79.

10

1 1 .49

Dolomitized mudstone with possible stromatolitic
features at the bottom. Clay seams present. Brecciated
areas filled with non-baroque dolomite (Fe or non-Fe?)
near the top. Textural layering within sample gives
appearance ofLLH stromatolites ?? Horizontal burrows
may be present as well. Medium to thick bedded.
Sample 1 1 .49.

l la

1 1 .9

Coarse-grained dolomitized mudstone with in-situ
brecciation at the top. Degree of dolomitization varies
depending on host lithology. Unbrecciated portion has
"chaotic" texture . . . . .looks like dolomitized burrows??
Sample 1 1 .9.

l ib

1 1 .9b

Abrupt change in lithology at stylolite. Dolomitized algal
boundstone with peloids and intraclasts on the bottom;
dolomitized peloid/intraclast packstone on top. In situ
brecciation evident by translucent calcite cement. Lower
lithology has desiccation feature filled with overlying
sediment type. Degree of dolomitization increases
upward. Intraclasts in upper lithology show evidence of
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compaction. In voids, dolomite is pore central. Medium
to thick beds.
12

1 2. 9

Dolomitized algal boundstone with micritic clasts (up to
1 mm). Crinkly, wavy appearance. Pores filled with
equant calcite. Medium to thick bedded. Sample 1 2. 9 .

13

13.8

Dolomitized algal boundstone without laminations
(thrombolite). Fenestral porosity ?? filled with equant
calcite. Medium grained. Sample 1 3 . 8 .

14

14.47

Medium-grained intraclast wackestone/packstone.
Brownish gray on fresh surfaces. Intraclasts of algal
origin. Clasts up to 3 em long by 1 . 5 em. Abrupt
change in lithology. Upper lithology finer grained
(intraclast wackestone). Sample 1 4.47.

1 5a

1 5 . 06

Fine-grained dolomitized mudstone with peloids
common. Fenestral porosity with some fractures and
intergranular as well. Dolomite is nonferroan. Sample
1 5 . 06.

1 5b

1 5.56

Thick bedded dolomitized peloid intraclast wackestone.
Dolomite is very fine to fine grained. Dolomite is
nonferroan. Some fractures and opaques present.
Additional sample: 1 6. 3 . Stylolite contact between 1 6. 3
and 1 7 . 8 .

1 6a

1 7. 86

Dolomitized burrow-mottled mudstone with peloids and
intraclasts and/or ooids ?? Calcite-filled voids present.
Medium-coarse grained dolomite - burrows are coarser
grained. Bed-normal stylolite also present. Thick beds.
Sample 1 7. 86.

1 6b

18.5

Dolomitized mudstone I peloid ooid (?) intraclast
wackestone. "Chaotic" texture and colors - burrow
mottled ?? Dark shades of gray. Fractures very
prominent and filled with equant calcite. Coarseness of
dolomite changes depending on host lithology. Stylolites
also common. Medium bedded. Samples: 1 8 . 5 , 1 9 . 1 . .

17

1 9. 6

Dolomitized intraclast ooid packstone/grainstone.
Intraclasts vary in size (up to 5 mm long) but mostly
smaller. Clasts also show micritic coatings on the
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outside edge. Medium to coarse grained dolomite. Dark
gray in color. Medium bedded. Sample 1 9.6.
18

20. 5

Dolomitized algal mudstone/boundstone. Abundant
fenestrae filled with equant blocky calcite. Dolomitized
burrows may also be present? Stylolites present.
Dolomite is fine grained. What appears to be
dolomitized burrows contain a clear, equant calcite rind.
Dolomite coarsens upward in the thin section. Thin beds
present. Sample 20. 5
------ Stylolite contact----------

19

20.6

Dolomitized burrow-mottled mudstone. Dolomitized
intraclasts also occur (coarse crystalline dolomite). Dark
gray in color. Fractures filled with non-ferroan equant
calcite. Evidence of non-ferroan calcite being replaced
by dolomite on stained portion of slide. Hackly
weathering, medium bedded. Sample 20.6.

20a

22.3

Dolomitized ooid packstone/grainstone. Ooids less than
1

mm

in size. Stylolites present. Hackly weathering.

Ooids have been micritized. Intraclasts scattered
throughout - but predominantly all ooids in terms of
grain type. Echinoderm grain or two also observed.
Medium bedded. Sample 22. 3 .
20b

23 .4

Medium to coarse grained dolomitized ooid grainstone
with few intraclasts. Intraclasts contain ooids. The
ooids show "more and less" micritization - some ooids
possess a dolomite (clear) rind, some are all brown in
color from micritization. Algal (thrombolite) clast also
observed. Hackly weathering, medium beds occur.
Sample 23 .4.

20c

24. 1

Dolomitized intraclast ooid grainstone. Medium to
coarse grained dolomite. Intraclasts show red color from
oxidation. These clasts contain micritic coats and may
contain ooids. Stylolitization also present. Some ooids
show more micritization than others - like sample 23 .4.
Medium bedded and hackly weathering. Samples: 24. 1 ,
25. 1 , 25.4.
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20d

25.23

Dolomitized ooid grainstone. Ooids have been
micritized. Dolomite is medium-grained to coarse
grained. Contains grayish brown grains (algal clasts?)
also. Some ooids are more dolomitized than others.
Nice compressional features along stylolite (elephantine
structure). Porosity predominantly intergranular with
dolomite infill. Medium beds. Hackly weathering.
Sample 25.23 .

21

25.9

Dolomitized burrow-mottled mudstone. Dolomite
ranges from fine to coarse grained. Fenestrae or
evaporative vugs common. Ooids(?) and intraclasts (?)
are rare. Vugs are filled with drusy calcite as well as
some dolomite. Amber colored stains locally present
(iron oxides?). Medium bedded. Hackly weathering.
Sample 25.9.

22a

26.2

Dolomitized fossil intraclast ooid packstone/grainstone.
Some clasts are red in color and up to 1 em in length.
Rare echinoderm fragments locally present. Dolomite is
medium to coarse grained. Some clasts are multi
generational. Clasts possess a light colored rind.
Stylolites also present. Rare syntaxial cement replaced
by dolomite. Sample 26.2.

22b

27.9

Partially dolomitized ooid/oncoid(?) skeletal intraclast
packstone/grainstone. Abundant echinoderm fragments
and maybe a trilobite or two. Some syntaxial cements.
Clasts are multi-generational. Dolomite is fine to coarse
grained. Most of the skeletal grains have been
dolomitized. Clasts range in size up to 1 . 5 em long.
Echinoderm grains have a dolomitized (and micritized)
rind. Most skeletal grains have been micritized.
Prominent bed parallel stylolite also occurs. Samples:
27.9, 28. 5 .

22c

29.2

Similar to previous samples (27.9, 28.5) except dolomite
is fine to very coarse grained. Ferroan cements present.
Dolomitization appears to be complete. The previous
two samples showed more selective dolomitization. Bed
parallel stylolites present. Skeletal grains have been
micritized and dolomitized. Ooids appear to be less
abundant then previous two samples. Medium bedded.
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23

30

Dolomitized mudstone. Rare skeletal grains at the
bottom of the thin section. Vugs within mudstone
(evaporative in origin?). Ferroan cement phases occur.
Opaques common. Vugs lie in a row across the bedding
plane. Stylolites also present. Still medium beds but
becoming less hackly weathering. Sample 3 0 .

24a

30.6

Dolomitized skeletal intraclast packstone. Dolomite is
medium to coarse grained. Some (rare) echinoderm
fragments and trilobites. Pyrite present. Bed parallel
stylolitization and fractures common. Clay seam at the
top of the thin section. Ferroan cement phases, notably
calcite present. Clay seam may be a finer grained (shaly)
layer above one of the bed parallel stylolites. Occasional
syntaxial cements. Thin to medium beds; less hackly
weathering. Sample 30.6.

24b

3 1 .0

Dolomitized skeletal intraclast packstone (echinoderms
and trilobites). Stylolitization and clay seams common.
Dolomite is fine to very coarse grained. Rare syntaxial
cements . Calcite filled voids (clear). Cements are tan,
yellow (amber) and clear - both appear to be calcite (?).
This may simply be from micritization. Very fine
grained at the top of the thin section. May be a lithologic
change or simply a clay seam. Thin to medium beds.
Sample 3 1 .

24c

3 1 .6

Dolomitized skeletal wackestone. Dolomite is fine to
very coarse grained with different colors (clear to
amber). Amber colored areas may be dolomitized
peloids/intraclasts (?). Clay seams very common as well
as fractures. Light green mineral also observed but rare
(glauconite). Ferroan and non-ferroan cements. Upper
most clay-rich part of the thin section shows laminations
(interbedded shale(?) or just a clay seam). Opaque
minerals also present.

Nolichucky Formation -----------------------------------------------25

34.2

Dark greenish gray calcareous shale with thin, laminated
limestone stringers. Stringers are discontinuous and
seem to cross-cut bedding in places.
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26

34.3

Intraclast packstone with skeletal fragments (trilobites,
echinoderms, and brachiopods) and peloids. Clasts are
tabular shaped (4 mm x 1 4mm average size). Contains a
lot of dolomicrite (ferroan) and some non-baroque
(ferroan) dolomite. Also contains non-ferroan and
ferroan calcite and rare turbid syntaxial cements. Very
rare specks of glauconite. Opaques are rare. Sample
N2.

27

34.5

Greenish gray, platy shale with more continuous and
thicker carbonate stringers. Shale layer is capped by
wavy bedded limestone (N3)

28

34.6

Intraclast skeletal packstone. Similar fauna as N2 but
appears to contain more skeletal allochems. Also
contains ostracodes. Similar cement phases as in N2.
Fractures present as well. Sample N3 .

29

35.4

Greenish calcareous shale with carbonate stringers.

30

35.7

Intraclast skeletal packstone. Peloids common. Skeletal
allochems consist of same fauna (trilobite, echinoderm,
brachiopod, and ostracodes). Similar cement phases as
N2 but also contains fibrous ferroan calcite and ferroan
syntaxial cements. Dolomite is more ferroan. Clay
seams also occur. Amber colored dolomite along
fractures possibly from iron oxide leaching. Sample N4.

31

37.2

Greenish gray calcareous shale with intermittent
carbonate stringers.

32

37.6

Thinly bedded greenish gray calcareous shale

33

37.7

Intraclast skeletal packstone consisting of echinoderm,
trilobite, bryozoans, brachiopods, and ostracodes. Some
intraclasts show sweeping laminations. Similar
diagenetic phases as previous Nolichucky samples.
Dolomite is ferroan (non-baroque). Amber colored
dolomite common as well. Clay seam and fractures
present as well. Sample N5 .

34

37.82

Dark grayish green shale with few carbonate stringers.
Capped by sample N6.
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35

37.85

Intraclast skeletal packstone. Similar to N5 but contains
framboidal pyrite and stylolitization is more
prominent. Sample N6.

36

38.3

Dark grayish green calcareous shale with occasional
carbonate stringers. Platy appearance.

37

38.7

Intraclast skeletal packstone. Similar to N 6 but ratio of
skeletal allochems to intraclasts has increased. Sample
N7.

38

40.2

Yellowish gray green calcareous shale with platy or
laminated beds. Few carbonate stringers are present in
this interval. Capped by 1 5-20 em gray limestone
(sample N8).

39

41.7

Intraclast skeletal packstone. Similar to description for
N7. Sample N8.

40

42. 0

Calcareous shale with laminated bedding. Very few
carbonate stringers occur here. Showing more and more
evidence of deep water sedimentation from the change in
dominant sediment type (carbonate to shale).
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Greeneville Dam section
The Greeneville Dam section is another well exposed outcrop of the upper Honaker
Dolomite. It only has indirect evidence of the overlying Nolichucky Formation,
location of which is based solely on geomorphic expressions. The Upper Cambrian
Maynardville Limestone occurs farther up section and is exposed fairly well. The
outcrop is at the base of the Greeneville Dam on the Nolichucky River in Greene
County, Tennessee along state road 70. Bedding at this locality is subvertical and
outcrops occur along both sides of the river. The unexposed Nolichucky Formation
has likely been eroded by the flowing water.

Bed
Number

Cumulative
Thickness

Description

-Base of Honaker Dolomite not exposed at this locality.
A significant interval of the upper Honaker is submerged
at this locality. Measurements begin stratigraphically
above the submerged area.
1

2.5

Dolomitized mudstone/stromatolitic boundstone to
peloid wacke/packstone. Dark gray fine-grained
dolostone. Variegated fresh surface with light colored
patches in a darker groundmass. Light-dark areas occur
bed parallel with an area at the top and bottom of
sample. This color pattern has a stromatolitic texture.
Abundant peloids. Medium bedded but thinly bedded in
places. Sample 2 . 5 .

2a

3.0

Dolomitized mudstone. Buff t o medium gray fine
grained dolostone. No bedding features present.
Irregular array ofbuff patches with dark mineral(s) in
center of patches. Fractures present as well. Medium
bedded. Sample 3 .0.

2b

4.0

Dolomitized algal (?) laminated mudstone. Dark gray
fine grained dolostone. Faint laminations with darker
gray 'stringers'. A zone of bed parallel geopetal
structures also present. May be dissolved out intraclasts
that have been partially infilled (?) or evaporitic vugs (?).
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Burrows may be present. Platy (barite?) mineral pore
central. Medium bedded. Sample 4.0.
3

6.0

Dolomitized mudstone to peloid wacke/packstone. Dark
gray, highly fractured fine grained dolostone. No
bedding features observed. Clasts occur more in the top
of sample. Peloids common. Medium bedded. Sample
6.0

4a

7.5

Dolomitized mudstone (algal boundstone?). Variegated
medium-dark gray fine grained dolostone. Not as
fractured as 6.0. Faint wavy laminations present. Also,
bed parallel stylolites present. Occasional circular
birdseye structure. Medium to thick bedded. Sample
7.5.

4b

8.3

Dolomitized laminated intraclast wackestone/algal
boundstone. Medium gray fine grained dolostone with
crinkly laminations. Even less fractures than 7.5.
Laminations become deformed stratigraphically upward.
Bed parallel stylolites also present. Stylolitization may
have mimicked original laminations. Opaque minerals
common. Medium to thick bedded. Sample 8 . 3 .

5

8.7

Dolomitized boundstone. Tan to medium gray fine
grained dolostone. Highly fractured unit. Numerous bed
parallel stylolites. Sample contains a 'center' of fresh
gray dolostone with large halo of light brown altered
dolostone. Faint laminations are present (wavy form).
Also contains dark specks which may be organic
material. Medium bedded. Sample 8. 7.

6

9.0

Dolomitized mudstone. Medium gray fine grained
dolostone with less fractures than 8.7. Unit also appears
to be not as altered as 8. 7 as well. Sample contains wavy
laminae with bed parallel stylolites. Laminae near the top
appear sweeping and semi-circular. One large vug (1
em) also present with coarse non-ferroan non-baroque
fill. Intraclasts occur within one of the fractures.
Desiccation at top of sample. The coarser grained muds
within this sample may be dolomitized burrows (?).
Thinly bedded. Sample 9.0.

7

9.8

Change in lithology. Dolomitized intraclast
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wackestone/packstone and mudstone to intraclast peloid
packstone. Medium gray on fresh surfaces. Minimal
fractures. Lower lithology is alternating light (tan) and
dark beds with concentrated areas of intraclasts. Change
occurs at bed parallel stylolite. Upper lithology is
coarser with no observable bedding features. Intraclasts
present as well. Opaque minerals and bed normal
stylolites are rare. Thin to medium beds present. Sample
9.8.
8

1 0. 1

Dolomitized algal boundstone. Variegated light brown
to gray fine grained lithology with wavy laminations.
Laminae are bed parallel for the most part except below
a bed parallel stylolite where laminae appear imbricated
and inclined. Large intraclasts (approximately 4mm) are
also observed. Peloids common within laminae. Clay
seams and fractures also occur. Thin to medium bedded.
Sample 10. 1 .

9a

1 1 .6

Dolomitized mudstone. Buff to light gray colored fine
grained dolostone. Minimal bedding features within
sample. Bed parallel stylolite or clay seam present.
Opaque mineral within one of the voids. Sample 1 1 .6.

9b

12.5

Dolomitized mudstone. Medium to dark gray medium
grained dolostone. Fenestrae present as well as patchy
zones of different gray dolomite (dolomitized burrows?).
Intraclasts occur in lighter colored areas. Clasts may be
Renalcis grains or just different micrite-rich grains. Bed
parallel stylolites also occur within sample. The patchy
areas of different gray hues may be large clasts? Thin to
medium bedded. Sample 1 2 . 5 .

10

12.7

Dolomitized algal boundstone. Buff to light gray fine
grained dolostone. Very similar to 1 0 . 1 . Wavy laminae
with speckled texture. Peloids and/or intraclasts present
between the laminae. Fractures as well as iron oxides
present. Additional sample: 1 2.8; similar to 1 2 . 7 except
for the occurrence of some bed parallel stylolites.
Medium bedded. Sample 1 2 . 7 .

11

14.0

Dolomitized mudstone t o intraclast wackestone at the
top. Light to dark gray and tan in color. Fractured fine
grained dolostone. Tan portions rimmed by dark gray
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areas. Occasional tan zone crosscuts nonnal to the
darker gray rim into another tan zone. Opaques also
present within tan areas. Fractures common. Clay seams
and bed nonnal stylolites present also. Vuggy porosity.
Hackly weathered, medium bedded. Sample 14.

12

14.5

Dolomitized algal boundstone. Light gray crinkly (wavy)
laminated fine grained dolostone. Both bed parallel and
bed nonnal stylolites present. Fenestral fabric with zones
of dark specks also occur. Fractures and iron oxides
common. Thin to medium bedded. Sample 14.5.

1 3a

1 5.4

Burrowed intraclast peloid packstone/wackestone.
Medium gray dolostone. Approximately 1 em intraclasts
at base of sample extend up to a bed parallel stylolite.
Intraclasts occur above the stylolite but are smaller.
Large patches of calcite fill within dolomitized mediumcoarse grained rock. Karst cavity also present above
lower stylolite. Burrows may also occur in areas where
dolomite is coarser grained. Medium bedded. Stylolites
common. Sample 1 5 .4.

1 3b

1 6. 1

Dolomitized intraclast wackestone. Light gray fine
grained dolostone with intraclasts in the upper part of
sample. Fractures present. No other bedding features.
Medium bedded. Sample 1 6. 1 .

13c

1 6.4

Dolomitized intraclast packstone. Light to medium gray
coarsening upward fine to medium grained dolostone.
Distinct lithologic change at the top of sample. One
mud-rich layer present showing desiccation. Baroque
dolomite present as well as iron oxides. Vuggy porosity
in lower part of sample. Quartz silt dispersed
throughout. Medium bedded. Sample 1 6.4.

14a

1 6.9

Dolomitized intraclast wackestone. Medium gray fine to
medium grained dolostone with no observable bedding
features. Dark intraclasts common as well as circular
dolomitic vugs. Fractures and stylolites present. Also
contains a platy, high birefringent mineral (barite?). Thin
to medium bedded. Sample 1 6.9.

1 4b

1 7. 8

Dolomitized intraclast wackestone. Medium gray fine to
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coarse grained dolostone with vuggy texture. Color is
somewhat variegated and irregular (tan to medium gray).
Intraclasts present. These may account for the irregular
color zones. The sample may also contain framboidal
pyrite. Thin to medium bedded. Sample 1 7. 8 .
14c

1 9. 0

Dolomitized intraclast wackestone/packstone. Light to
medium gray fine to medium grained dolostone with no
observable bedding features. Fractured lithology with
ferroan and non-ferroan equant calcite around clasts.
Stylolites common as well. Clasts show some
compressional features. Thin to medium bedded.
Sample 19.

15

20. 5

Dolomitized burrow-mottled mudstone. Medium to dark
gray medium to coarse grained dolostone with no
observable bedding features. Sample shows calcite
infilled fractures. Variegated color also (like 1 7.8).
Dark peloids/intraclasts also present locally. Coarse
dolomite infills the burrows. Bed normal stylolites and
fractures also present. Thick bedded. Sample 20. 5.

1 6a

2 1 .4

Ooid (?) intraclast packstone. Similar to 20. 5 . Medium
to coarse grained dolostone with more observable
intraclasts than 20. 5 . Intraclasts concentrated in patches.
Fractures present. Dominant grain type may not be
exclusively intraclasts: ooids may also be present.
Dolomitization makes this distinction difficult. Thick
bedded. Sample 21 .4.

1 6b

22. 7

Dolomitized intraclast packstone. Medium to dark gray
medium to coarse grained dolostone with no observable
bedding features. Intraclasts very common and range in
size. Calcite-infilled fractures with some karst vugs also
occur. Renalcis(?) grains rare. Thick bedded. Sample
22. 7.

1 6c

23 . 3

Dolomitized ooid packstone. Light to medium gray
medium - coarse grained dolostone. Dolomitization is so
pervasive that grain identification is difficult. Bed
parallel stylolites are rare. Rare opaque minerals/grains.
Fractures common and filled with non-baroque and
sparse baroque dolomite. Thick bedded. Sample 23 . 3 .
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1 7a

24. 1

Dolomitized ooid (?) packstone. Light to medium gray
medium to coarse grained dolostone. Same problem as
23 .3 with pervasive dolomitization. Dominant grain type
appears to be ooids. Size, shape, and color of the
circular grains differ. Fractures also present with calcite
infill; some portions dissolved out. Bed parallel stylolites
present. Above stylolite, dolomite is coarser grained;
below stylolite, dolomite is finer grained. Thickly
bedded and pitted in the field. Samples: 24. 1 ,24.8, 25.4.

1 7b

26.3

Dolomitized intraclast ooid packstone. Medium to thick
bedded. Light to medium gray medium to coarse grained
dolostone. Sample vuggy in appearance. Coarsest
dolomite crystals occur in patchy array - possibly
burrows (?). In vugs, dolomite is very turbid (tan) pore
central with a translucent rim along the pore wall. Clasts
are multi-generational. Rare skeletal grains
(echinoderms). Samples: 26.3, 26.7.

1 8a

27.4

Dolomitized ooid intraclast wackestone. Light to
medium gray medium-coarse grained dolostone with no
observable bedding features. Fractures and stylolites
present. Intraclasts are the dominant grain type however
ooids also occur but in random patches. Sample has
vuggy texture but more prevalent compared to 26.7.
Dolomite infill more prominent as well. Coarser
dolomite areas may be burrows? Sample 27.4.

1 8b

30.3

Dolomitized ooid intraclast packstone. Light medium
gray medium grained dolostone with ooids and
intraclasts. Intraclasts differ in size, shape, and color.
Bed normal stylolitization present. Clasts are
multigenerational and poorly sorted. No other bedding
features observed. Sample 30.3.

1 8c

30.7

Dolomitized intraclast ooid packstone/grainstone. Light
to medium gray medium grained dolostone with no
observable bedding features on fresh surfaces. Differing
texture fabrics on weathered surfaces. Areas of positive
relief are dark, fine grained patches with coarser material
around them. Some intraclasts but predominantly ooids.
Bed parallel stylolites present as well. Sample 30.7.

19

3 1 .0

Dolomitized intraclast wackestone/packstone. Light to
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medium gray medium grained dolostone with limited
observable bedding features. Weathered texture similar
to 3 0. 7. A thin layer of buff material is present near the
bottom of the sample. Quartz grains. Sample coarsens
upward. Medium bedded. Some grains show
compressional features. Rare opaque minerals/grains.
Fractures present. Sample 3 1 .
20a

32.3

Dolomitized intraclast ooid packstone. Medium gray
medium to coarse grained dolostone with mottled or
variegated colors on fresh cuts. Lumpy weathered fabric
similar to 30. 7 also. Circular grains present (ooids(?),
intraclasts). Fractures and bed normal stylolites also
present. Beds becoming more hackly weathered, thicker
bedded. Sample 32.3.

20b

32.9

Dolomitized intraclast packstone. Light to medium gray
medium to coarse grained dolostone with circular grains
(ooids and/or intraclasts?). Fractures present. Fenestral
or cement filled voids also present. Medium bedded.
Sample 32.9.

20c

33.5

Dolomitized intraclast ooid packstone. Medium gray
medium grained dolostone with no observable bedding
features. Intraclasts and/or ooids present. Fractures also
occur. Sample also contains mineral with metallic luster
(pyrite?). Bed parallel and bed normal stylolitization also
evidenced. Sample 3 3 . 5 .

20d

34.4

Dolomitized intraclast/ooid packstone. Light t o medium
gray coarse grained dolostone with vast intraclasts/ooids.
Clasts visible without hand lens, are well rounded, and
poorly sorted. The sample contains areas where clasts
are more visible (crystalline matrix versus mud-rich
matrix). Clasts are multi-generational. Medium bedded.
Sample 34.4

20e

35.2

Dolomitized ooid/intraclast packstone/grainstone.
Medium dark gray medium to coarse grained dolostone
with 2 distinct lithologies. Lower type is variable grained
with wavy laminations (clay seams) and coarser (silty?)
material together. It is typically darker than overriding
lithology. Lower lithology contains both intraclasts and
ooids. Contact between both lithologies is sharp. Upper
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lithology is fractured, cement void-filled, and contains
intraclasts/ooids. Color is somewhat mottled in upper
lithology. Fractures present. Some grains show
compressional features as well. Sample 3 5 .2.
20f

35.8

Dolomitized intraclast peloid packstone. Light to
medium gray medium grained dolostone with large
polymictic intraclasts. Fractures also present. Amber to
reddish dolomite areas also appear. At the top of the
sample, "teepee" structures occur within bedding. Both
bed normal and bed parallel stylolites occur as well as
compressed grains. Sample also contains fractures. Thin
to medium bedded. Sample 35.8.

20g

36.0

Dolomitized intraclast ooid packstone. Medium to dark
gray medium grained dolostone with ooids and
intraclasts. Clasts easily visible on fresh and weathered
surfaces. Large clasts appear scattered throughout
sample. Clasts are dark with black rind on weathered
surface. Sample contains both bed normal and bed
parallel stylolites as well as fractures. Thick bedded.
Sample 36.

20h

36.4, 36.6

Dolomitized intraclast packstone interbedded with shale.
Light to medium gray and brown medium grained
dolostone with increasing percentage of shale
stratigraphically upward. Clasts differ in size, shape, and
color. Smaller clasts infill around larger clasts.
Compressional sutures also present (bed parallel and bed
normal). Medium bedded with thin interbeds. Intraclasts
are up to 2 em in length. Clay seam separates samples
3 6.4, 36.6.

20i

37.0

Dolomitized intraclast packstone interbedded with shale.
Medium gray medium grained dolostone with wavy
appearance. Intraclasts are abundant with size, shape,
and color varying. Sample contains patches of cement
filled voids. Bed parallel compressional sutures also
present. Pitted on weathered surface. Clay seams are
common within sample. Barite(?) may also occur as a
pore central filler. Thick bedded. Sample 37.

20j

38.3

Dolomitized intraclast packstone. Light gray to buff fine
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to medium grained dolostone with variegated color on
fresh cut. Intraclasts vary in size, shape, and color.
Shaly interbeds are rare. Fractures and compressional
sutures (mostly bed parallel) are present. Contains a
central zone of concentrated intraclasts. Barite (?) may
also occur. Few skeletal grains are present. Sample also
contains opaque minerals along substrates. Medium
bedded. Sample
20k

38.7

38.3.

Dolomitized intraclast packstone interbedded with shale.
Light gray, buff, medium gray coarse grained dolostone
with wavy appearance. Intraclasts are abundant with
differing size, shape, and color. The sample contains
reddish oxidized minerals as well. Oncoids seen in the
field, however none appear in the sample. Rare
echinoderm fragments also present. Fractured lithology.
Medium bedded. Sample

3 8.7.

Contact with the Nolichucky Formation not directly
observed at this locality. Evidenced only by a
geomorphic expression along the river bank. This is
characterized by a significant cut-back into the
landscape. This area is now the site of a parking lot for
boaters and visitors to the dam. The flow of water from
the dam likely contributed to erosion of the Nolichucky
at this locality. Carbonate beds of the Upper Cambrian
Maynardville Formation can be seen adjacent to the dam
just up-section from the parking lot.
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Blountville Exit section
This outcrop was probably deposited farthest on-platform compared to the other two
sections. Lower portions of the Honaker Dolomite as well as the overlying Nolichucky
Formation are exposed at this locality. The outcrop is well exposed on the southbound
side of l-8 1 along the exit ramp. Strata at this locality are oriented subvertically.

Bed
Number

Cumulative
Thickness

Description

1a

1 .0

Buff to medium gray very fine grained mudstone to
peloid packstone. Lenticular bedded limestone
composed of non-ferroan calcite. Medium to thick
bedded. Late fractures filled with non-ferroan baroque
dolomite and some non-ferroan calcite. Darker portions
are mudstone and lighter areas are peloid-rich. Sample
1.

1b

4.0

Medium to dark gray very fine grained dolomitized
mudstone with layer detrital quartz. Laminated. Escape
burrows present. Dolomite is nonferroan to weakly
ferroan. Rare fenestral porosity. Bed parallel stylolites
common. Some intraclasts also. Very organic-rich
sample. Sample 4

2a

4.3

Medium gray very fine grained dolomitized mudstone.
Laminated. Rare fenestral porosity but quite vuggy.
Vugs filled with weakly ferroan calcite. Fractures
common as well as bed parallel stylolites. Opaques
speckled throughout sample. Rare intraclasts at base of
sample. Sample: Base 2 (4.3).

2b

9. 1

Medium to dark gray very fine grained dolomitized
mudstone. Brown zones around porous areas of sample.
Dolomite is non-ferroan. Sample shows some soft
sediment deformation. Opaque mineral/grains common.
Organic material (?) common as well parallel to bedding.
Sample 9. 1 .

3a

1 1 .3

Buff to medium gray coarse grained dolomitized
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mudstone (?). No observable allochems but dolomite
crystal size may have obliterated any present. Non
ferroan dolomite is planar to non-planar and turbid.
Hand sample looks like pseudomicrokarst based on
morphology of fill. Abundant clays (?) along crystal
boundaries Thick, hackly weathered beds. Sample 1 1 .3 .
3b

13.9

Buff to medium gray dolomitized intraclast wackestone
and mudstone. Fractures very common as well as vugs.
Fractures contain both calcite and dolomite whereas vugs
are strictly dolomite. Abrupt lithologic change from
intraclast wackestone to mudstone. Thick, hackly
weathered beds. Sample 1 3 .9

4a

1 6. 8

Buff to light gray coarse grained dolostone. Any
allochems are indistinguishable. Dolomite is
predominantly non-ferroan baroque and very turbid.
Some crystals are bladed to equant in morphology possibly replaced calcite. Clay residue is common
around crystal boundaries but not as much as BL 1 1 .3 .
Thick, hackly weathered beds. Sample 1 6.8.

4b

1 7.9

Buff to light gray dolomitized mudstone. Non-ferroan
non-baroque dolomite ranges from very fine to coarse
grained. Bed parallel stylolites very common as well as
fractures. Turbid dolomite. Also contains a few
intraclasts. Thickly bedded.

4c

18.8

Alternating buff and light gray dolomitized microbial
laminated boundstone. Very fine to coarse grained.
Very wavy, crinkly laminations. Dolomite is non-ferroan
and non-baroque. Fractures common with iron oxides
and clay lining them. Distinct late fractures possess non
ferroan equant calcite. Opaque mineral/grains rare.
Thick bedded. Sample 1 8.8.

4d

20

Medium to dark gray dolomitized peloid/intraclast
wackestone/packstone. Dolomite is very fine to coarse
grained and both non-ferroan planar and saddle
morphologies are present. Fractures and stylolites
common. Opaque mineral/grains rare. The predominant
allochems occur in zones rather than evenly spread
throughout the sample. Thick, hackly weathered beds.
Sample 20.
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4e

21.8

Medium to dark gray dolomitized intraclast packstone.
Dolomite is very fine to coarse grained (non-ferroan).
Fractures common and infilled with calcite. Clasts
appear to be algal in origin. Thick bedded. Sample 2 1 .8.

4f

22.5

Buff to medium gray dolomitized mudstone (?).
Fractures and stylolites common. Dolomite is non
ferroan. Opaque minerals/grains rare (framboidal pyrite).
Thick bedded. Sample 22.5 .

4g

24.7

Light to medium gray dolomitized mudstone with faint
sweeping laminations. Early fractures rare and filled with
peloids and intraclasts. Dolomite is non-ferroan and very
fine grained. Stylolites and late fractures common.
Thick bedded. Sample 24. 7.

4h

26

Similar to 24.7 but coarser and no laminations. Thick
bedded, light to medium gray dolomitized alternating
mudstone and peloid packstone. More porous than 24. 7
as well with fenestral being the dominant type. Dolomite
is very fine grained (non-ferroan, non-baroque).
Stylolites and fractures common. Opaque
minerals/grains rare. Non-ferroan calcite in fractures is
being replaced by dolomite. Medium to thick bedded.
Sample 26.
Siliceous (?) nodules in field between 26 and 30.

Sa

30

Medium to dark gray dolomitized mudstone with cross
laminations. Quartz silt sparse. Escape burrow with soft
sediment deformation in sample. Fracturing along
stylolites common in sample. Numerous events of
truncation present. Dolomite is very fine grained and
non-ferroan. Medium to thick bedded. Sample 30.

5b

3 1 .3

Medium to dark gray dolomitized mudstone with
peloid/intraclast packstone intervals. Evidence of soft
sediment deformation (escape burrow?) infilled with
quartz silt and peloids/intraclasts. Relative percentage of
quartz has increased from samples 3 0 to 3 1 . 3 . Late
fractures contain equant non-ferroan calcite being
replaced by ferroan calcite and dolomite. Opaque
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minerals/grains rare. Medium to thick beds. Sample
3 1 .3.
5c

33

Similar to 3 1 .3 . Escape burrow more pronounced.
Sample 3 3 .

5d

35.3

Buff to light gray dolomitized mudstone and algal
boundstone. Medium bedded. Mudstone shows
desiccation with quartz silt infilling. Quartz silt in even
greater amounts compared to previous samples. Quartz
abundant in microbial laminations as well. Dolomite is
very fine grained and non-ferroan. Some fenestral
porosity with non-baroque dolomite. Opaque
minerals/grains common. Sample 3 5 . 3 .

5e

36.2

Buff to tan dolomitized mudstone. Thin t o medium
bedded. Mudstone possesses onlapping layers which
indicate previous scour and later infill. Dolomite is very
fine grained and non-ferroan. Opaque minerals/grains
rare. Sample 36.2.

5f

37.7

Very similar to 26. Light to medium gray algal laminated
boundstone with fenestral porosity common. Medium
bedded. Stylolites and fractures present. Quartz silt is
minimal but peloids are quite prevalent. Dolomite is very
fine grained and non-ferroan. Opaque minerals/grains
rare. Sample 37.7.

5g

38.3

Medium gray dolomitized peloid packstone. Thin
bedded. Dolomite is fine to medium grained. Opaque
minerals/grains common. Fractures. Dolomite is non
ferroan and non-baroque. Sample 3 8 . 3 .

6a

42

Light to medium gray dolomitized mudstone. Thick
bedded. Vuggy. Varying degrees of coloration in
random patterns. Looks similar to enterolithic structure
(?). Sample 42.

6b

42.9

Light to medium gray dolomitized mudstone and
intraclast packstone. Thin bedded. Mudstone shows
persistent and severe desiccation. Some of the overlying
intraclasts look similar to this lithotype. Very rare
detrital quartz grains. Clasts vary in size, shape, and
morphology - poorly sorted. Dolomite is non-ferroan,
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non-baroque and porosity is either fracture of
intergranular. Iron oxides along fractures.
Opaque minerals/grains rare. Sample 42. 9.
6c

44. 5

Buff to light gray dolomitized mudstone/intraclast
wackestone. Thin bedded. Dolomite is fine to medium
grained and non-ferroan. Fractures common with iron
oxide stains. Opaque minerals/grains rare. Clasts vary in
size and shape - poorly sorted. Sample 44. 5 .

6d

46

Very similar to 44. 5 but strictly dolomitized mudstone.
Sample 46.

7a

47.5

Buff to medium gray dolomitized intraclast packstone.
Thick bedded. Dolomite is very fine grained, nonferroan, with both planar and saddle morphologies.
Stylolites common between intraclasts. Opaques rare.
Fractures rare. Clasts average 1 5 mm in size.

7b

48.7

Medium gray dolomitized intraclast packstone. Medium
bedded. Abundant quartz detritus, poorly sorted. Some
quartz grains are too large to be wind blown - likely
storm deposits. Dolomite is very fine grained (nonferroan). Framboidal pyrite present. Stylolites and
fractures rather common. Fractures filled with nonferroan planar non-baroque dolomite. Sample 48.7.

7c

50.2

Buff to light gray dolomitized microbial boundstone.
Thin bedded. Fenestrae common. Wavy texture.
Dolomite is very fine to medium grained and nonferroan, non-baroque. Some layers show desiccation.
Bed parallel stylolites and fractures common. Sample
50.2.
Covered interval from 50.2 - 52. 3 .

8a

52.3

Medium gray dolomitized mudstone with faint currentgenerated laminations. Some quartz silt (very rare).
Stylolites occur with fractures cross-cutting. Dolomite is
very fine grained. Opaque minerals/grains rare. Thick,
hackly weathered beds. Sample 52. 3 .

8b

53.8

Medium gray dolomitized mudstone with faint
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laminations but more obvious than previous sample.
Quartz detritus occurs in bands or layers that are
normally graded (storms?). Evidence of soft sediment
deformation. Dolomite is very fine grained and non
ferroan. Bed parallel stylolites and fractures present.
Opaque minerals/grains rare. Thick, hackly weathered
beds. Sample 53.8.
8c

55.2

Buff to light gray dolomitized peloid/intraclast
packstone. Thick bedded. Dolomite is coarse grained,
turbid, and non-ferroan. Bed parallel stylolites and
fractures common. Rare framboidal pyrite. Both
baroque and non-baroque morphologies present. Mostly
intergranular porosity. Sample 55.2.

8d

56

Light to medium gray dolomitized mudstone. Thick
bedded. Bed parallel layers of opaques present (pyrite?).
Some fenestral porosity filled with non-ferroan, non
baroque dolomite. Fractures common. Sample 56.

8e

57

Medium gray dolomitized mudstone. Thin to medium
bedded. Dolomite is very fine grained and non-ferroan.
Fractures (at least 2 generations) and bed parallel
stylolites present. Sample 57.
Covered interval from 58.7- 62.

8f

62. 7

Medium to dark gray dolomitized peloid/intraclast
packstone. Thick bedded. Quartz silt dispersed
throughout (rare) and relative percentage decreases
upward in the sample. Dolomite is non-ferroan and fine
to medium grained. Stylolites and fractures present as
well. Sample 62. 7.

8g

63 . 8

Light gray dolomitized algal boundstone. Medium
bedded. Fenestrae very common as well as some
evaporitic vugs. Peloids common. Dolomite is non
ferroan and very fine grained. Stylolites and fractures
common. Opaques very rare.

9a

64.9

Light to medium gray dolomitized peloid/intraclast
wackestone-packstone. Thin to medium bedded.
Dolomite is fine grained and non-ferroan. Opaque
minerals/grains rare. Fractures sparse. Sample 64.9.
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9b

67

Light to medium gray dolomitized intraclast packstone.
Thin to medium bedded. Dolomite is medium to coarse
grained and non-ferroan. Peloids common. Poorly
sorted. Pyrite present. Bed parallel stylolites and
fractures also. Sample coarsens upward. Sample 67.

9c

68

Dark gray dolomitized mudstone. Medium bedded.
Faint current generated laminations. Clay seams present.
Dolomite is medium to coarse grained and non-ferroan.
Fenestral porosity and fractures both filled with
dolomite. Opaque grains/minerals common. Porosity
and laminations increase upward in the sample. Sample
68.

9d

68.5

Tan, brown dolomitized mudstone. Medium bedded.
Very fine grained. Patches of opaque minerals/grains
dispersed throughout. Fractures common. Highly
weathered. Sample 68. 5 .
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69.7

Brecciated layer in field. Extraction of sample
impossible.

70.2

Light to medium gray dolomitized peloid/intraclast
packstone. Thin to medium bedded. Microbial clasts at
top of sample with detrital quartz between laminations.
Opaque minerals/grains sparse. Dolomite is non-ferroan
and fine grained except for fenestral pores (non-ferroan,
non-baroque). Bed parallel stylolites and fractures
common with iron oxides lining them.

1 1a

7 1 .6

Buff to light gray dolomitized mudstone. Thin to
medium bedded. Fenestral porosity with fine to medium
grained non-ferroan, non-baroque dolomite. Opaque
grains/minerals lie in rows parallel to bedding and show
leaching into surrounding lithology. Very faint
laminations. Fractures present also. Sample 7 1 .6.

l ib

72.2

Light to medium gray dolomitized microbial boundstone.
Thin bedded. Fenestral porosity. Quartz silt and
peloids/intraclasts distributed throughout sample.
Opaque minerals/grains sparse. Stylolites cross-cut by
fractures. Sample 72.2.
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l ie

73 .2

Similar to 72.2 but sample is darker and the detrital
quartz is coarser grained. Horizontal fractures at top of
sample and filled with non-ferroan, baroque dolomite.
Thin to medium bedded. Sample 73 .2.

l id

74

Medium to dark gray dolomitized intraclast packstone.
Medium bedded. Peloids common. Dolomite is coarse
grained at the bottom of the sample below stylolite.
Above stylolite, sample fines upward. Desiccation in
hand sample (at least 2 different episodes). Bed parallel
stylolites common and at least 2 generations of fractures.
Sample 74.

12a

74.6

Light to medium gray dolomitized mudstone. Medium
bedded. Mechanical induced laminations. Some soft
sediment deformation present. Patches of pyrite
dispersed throughout sample. Dolomite is very fine
grained and non-ferroan. Sample 74.6.

1 2b

76.4

Light gray dolomitized peloidal wackestone/mudstone.
Highly fractured. Dolomite is fine to medium grained.
Sample 76.4.
Covered interval from 76.4-80.

13a

82.5

Medium gray dolomitized peloid intraclast packstone.
Thin to medium bedded. Porosity is predominantly
intergranular with some fenestrae. Dolomite in sample is
non-ferroan and both non-baroque and baroque
morphologies occur. Bed parallel stylolites rare. Clasts
are moderate to well sorted. Sample 82. 5 .

1 3b

84.2

Similar t o 82. 5 but not as well sorted.

1 4a

86.6

Medium gray dolomitized ooid intraclast
packstone/grainstone. Dolomite is intergranular pore
filler (non-ferroan). Medium bedded. Stylolites present
with compressed grains. Very rare quartz grains at top of
sample. Some rare non-planar dolomite. Sample 86.6.

1 4b

87.4

Medium to dark gray dolomitized ooid intraclast
packstone. Very similar to 86.6. Medium bedded.
Sample 87.4.
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1 5a

89

* * Starting to become more shaly. Medium gray
dolomitized mudstone. Medium bedded. Fenestral
porosity with slightly clear to turbid non-ferroan
dolomite (wall to pore central). Selective dolomitization
in sample. Enterolithic structure (?) - circular
discolorations. Zone of intraclasts in mudstone. Highly
fractured and numerous bed parallel stylolites. MVT
mineralization (barite?) present. Sample 89.

1 5b

90.7

Medium gray dolomitized mudstone with peloid
packstone intervals between stylolites. Fenestral
porosity common with non-ferroan, non-baroque
dolomite. Fractures contain turbid non-ferroan baroque
dolomite. Bedding is thin to medium. Clay seams
common and stylolites contain some quartz. Very rare
mouldic porosity occluded with non-ferroan, non
baroque dolomite. Dolomite in sample is fine
to medium grained. Framboidal pyrite common. Sample
90.7.

16

91

From prominent shale unit.
Formation.

17

92. 7

Light to medium gray dolomitized intraclast skeletal
packstone interbedded with shale. Thin bedded.
Mudstone ribbon at base of sample. Echinoderm and
trilobite hash common. Peloids common as well; ooids
very rare. Cements are turbid (amber colored) and
ferroan. Late ferroan non-planar dolomite. Bed parallel
stylolites present. Stylolite at contact between mudstone
and packstone. Sample has speckled texture (secondary
in origin) OR peloids (?), opaque minerals/grains (?).
Sample 92.7.

18

93

Brown calcareous shale. Thin bedded with very thin
carbonate stringers. Sample 93 .

19

94.4

Light to medium gray partially dolomitized intraclast
skeletal packstone interbedded with shale. Thin bedded
and calcite-rich. Relative percentage of intraclasts
decreased and skeletal grains increased compared to
sample 92.7. Echinoderm, trilobite, and brachiopod
fragments common. Some peloids. Turbid ferroan
calcite cements with patches of ferroan dolomite. Rare

-----Nolichucky
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syntaxial cement phases. Skeletal grains decrease
upwards in sample. Fractures filled with
ferroan calcite. Ferroan, turbid non-planar dolomite also
present. Sample 94.4.
20

95

Calcareous shale. Thin bedded with very thin carbonate
stringers. Extraction of carbonate samples difficult.
Sample: 95.
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Appendix B
Stable Isotopic Compositions

DOLOMITE PHASES {All are in standard �ennil notation relative to PDB)
813C

Description

Sample
GD 9.8 m

Dolomicrite

-0.97

GD 3.0 m

Dolomicrite

-0.90

1-81 H8/10 m

Dolomicrite

-0.97

Dolomicrite

-0.99

GD 9.0 m

Dolomicrite

-0.83

I-81 25.9 m

Dolomicrite

-0.29

BL 36.2 m

Dolomicrite

-1.15

BL 52.3

Dolomicrite

- 1 .2 1

BL 92.7 m

Dolomicrite (altered)

-6.54

Average

Total (n): 9

Sample

Vuggy, turbid dolomite
Vuggy, turbid dolomite

-1 .08

GD 16.9 m

Sample
1-81 10.79 m

Sample
1-81 18.5 m

Total (n): 1

0. 013
0.01 0
0. 01 7

-8.64
-9.08
-8.46
-8. 1 1
- 1 1.2

2cr

0.007
0. 003

stso
-10.26
- 10.75
-2 1 .01

-1.03

-10.51

-0.90

Average

0.007

- 10.7

-1.21

Average

0. 016

-1.21

-9.25

-1.13

Average

-1.13

0.018
0. 015
0. 023
0.015
0.011

lcr

0.029
0.046

0.026

0.030

-10.7

2cr

2cr

Description
Replacive dolomite

0. 024

lcr

2cr

Dolomite (Non-descriptive)

0. 029
0.021

-10.7

-0.90

Description

lcr

0.023

2cr

2cr

Fenestral dolomite

Total (n): 1

0.002

-7.98

-2.06

Description

Total (n): 1

0.012

-8.71

GD 37 m

Sample

0. 015

-7.78
-8.26

-78.38

GD 27.4 m

Average

0.013
0.012

-8.87

-1.54

-0.98

Total (n): 2

0. 014

8 180

-13 .85

813C

Description

lcr

0.008

-9.37
-9.37

0.041
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Sample
BL 1 1 . 3 m

o13C

Description
Turbid baroque dolomite (matrix material)

- 1 .65

Turbid baroque dolomite (fracture fill)

-1 .69

Total (n): 2

Average

8180

2cr
0.015

-8.32

0.009

-9.43

-3 .34

- 17.75

1 67

-8.875

-

.

2cr
0.021
0. 01 7

CALCITE PHASES (All are in standard permil notation relative to PDBl
Sample
1-8 1 1 1 . 9 m

o13C

Description
Clear, equant, intergranu1ar calcite

-8.84

1-8 1 H4/3 .4 m Clear, equant, intergranular calcite

-9.29

Total (n): 2

Sample

Average

-9.07

-1 1.12

GD 15.4 m

Clear, equant, vuggy calcite

-9.54

Clear, equant, vuggy calcite

-9.88

Sample
BL 18.8 m

Average

2cr
0.020
0.013

o180
-8.99
-10. 1 5

- 1 9.42

- 1 9. 14

-9.71

-9.57

Description
-8. 9 1

Average

0.013

2cr
0.015
0.021

2cr
0. 050
0. 022

2cr

2cr

Clear, equant, fracture calcite

Total (n): 1

-6.64
-22.24

BL Base 2 m

Total (n): 2

0.006

- 1 5.6

-18. 1 3

o13c

Description

o180

2cr
0.009

-8.75

0.027

-8.75

-8.91

STANDARDS (All are in standard permil notation relative to PDB)
Sample

B13C

ANU - M2
ANU - M2
ANU - M2

3 .03
2.87
2.90
8.8

Average
Expected lab values for ANU-M2 standard

1.933
2.76

2cr
0.005
0.009
0. 01
0.024
0. 008

o180
-7.21
-7.38
-7.29
-2 1 . 88
-

7 293
.

-7 2 2
.

2cr
0. 015
0. 015
0. 031
0.061
0.0203
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CHCC

- 1 0.54

0.015

CHCC

-10.6 1

0.013

Average
Expected lab values for CHCC standard

-9. 5 1
-9.22

-2 1 . 1 5

0.028

-1 8.73

10 5 75

o. ou

-9.365

-

.

10 6

-

.

-9.28

0. 029
0. 012
0.041
0.021
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